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SUMMARY 

An expe r imen ta l   i nves t iga t ion   o f  a subsonic  round j e t  exhausting  perpendic- 
u l a r l y  from a f la t  p l a t e   i n t o  a subsonic   c rosswind   of   the  same temperature   has  
been  conducted i n   t h e  Langley V/STOL tunnel.   Velocity  and  pressure  measurements 
were made i n   p l a n e s   p e r p e n d i c u l a r   t o   t h e   p a t h   o f   t h e  j e t  f o r   r a t i o s   o f  j e t  veloc- 
i t y   t o   c r o s s f l o w   v e l o c i t y   r a n g i n g   f r o m  3 t o  IO.  The r e s u l t s   o f   t h e s e  measure- 
ments are p r e s e n t e d   i n   t a b u l a r  and graphical   forms.  A p a i r   o f   d i f f u s e   c o n t r a -  
r o t a t i n g   v o r t i c e s  is i d e n t i f i e d  as a s i g n i f i c a n t   f e a t u r e   o f  t h e  flow,  and  the 
c h a r a c t e r i s t i c s   o f   t h e   v o r t i c e s  are d iscussed .  

INTRODUCTION 

During the t r a n s i t i o n  between  hover  and  wing-borne f l i g h t ,  a s i g n i f i c a n t  
p a r t   o f   t h e  l i f t  o f  a VTOL a i rcraf t  is furn ished  by d i rec t  eng ine   t h rus t .  Th i s  
i n j e c t i o n   o f  a h igh   ve loc i ty  j e t  o f  a i r  a t  a l m o s t   r i g h t   a n g l e s   t o   t h e   c r o s s f l o w  
caused by the  forward  motion  of   the aircraft  produces a complicated  flow f i e ld  
which affects  the ae rodynamic   cha rac t e r i s t i c s   o f  the aircraft .  Seve ra l  wind- 
tunne l  tests have  been  conducted t o  measure  these  jet-induced effects on t h e  
pressure   loading   and   aerodynamic   coef f ic ien ts  for s p e c i f i c  aircraft configura- 
t ions .   (See  refs. 1 t o   9 . )  

T rad i t iona l ly ,   i nves t iga to r s   have   a t t empted   t o   s tudy   t h i s   compl i ca t ed   f l ow 
f i e l d  by concen t r a t ing  on a s i m p l i f i e d  model i n  which a subsonic  round j e t  
exhaus ts   perpendicular ly   th rough a large f la t  p l a t e   i n t o  a subsonic  crossflow. 
These s t u d i e s   h a v e   a p p l i c a t i o n   t o  areas o the r   t han  V/STOL aerodynamics  such 
as the process  of  cooling  combustion gases in   gas- turb ine   combustors  or the  
d i s c h a r g e   o f   a n   e f f l u e n t   i n t o  a waterway. For s e v e r a l  decades experiments  have 
been  conducted on c e r t a i n   a s p e c t s   o f   t h i s  je t  i n  a crossflow  problem,  namely, 
the pa th  of t h e  j e t  (refs. 10 t o  17)  and the p r e s s u r e   d i s t r i b u t i o n  on t h e  f l a t  
p l a t e  (refs. 15 and 18 t o   2 5 ) .  However, the p a i r  of c o n t r a r o t a t i n g   v o r t i c e s ,  
which c o n s t i t u t e s   o n e  of  t he  dominan t   f ea tu re s   o f   t he   ve loc i ty  f i e l d ,  has   on ly  
r ecen t ly   r ece ived  detailed a t t e n t i o n  (refs. 15,  16,  17,  26,  and  27). An exten- 
s i v e   b i b l i o g r a p h y   f o r  work done p r i o r   t o  1969 is g iven   i n   r e f e rence   28 .  

One mot iva t ion  for s tudy ing  a je t  i n  a crossf low is to   deve lop   an   ana ly t i -  
cal d e s c r i p t i o n   o f  t he  p r e s s u r e   d i s t r i b u t i o n  on t h e  f la t  plate   through  which  the 
j e t  exhaus ts .  It is t h i s   a s p e c t   o f  the  problem  which has direct  a p p l i c a t i o n   t o  
t he  des ign   o f  VTOL a i rcraf t .  The ae rodynamic   cha rac t e r i s t i c s   o f  VTOL a i rcraf t  
could be p red ic t ed  by inco rpora t ing  a mathematical   model   for   calculat ing  the 
p r e s s u r e   d i s t r i b u t i o n  on t h e  f la t  p l a t e   i n t o  a l if t ing-surface  computer  program. 
Attempts  to  formulate  such  models  have  been  hampered by an  inadequate   descr ip-  
t i o n   o f  the  flow f i e ld  f o r  a jet  i n  a c ross f low (ref .  29) .  Only t h e  t r a j e c t o r y  
of   the  j e t  has been   conven ien t ly   ava i l ab le   t o   t hose   a t t empt ing   t o   fo rmula t e   such  
models. The models   have   usua l ly   cons is ted   o f   p lac ing   po ten t ia l   f low  s ingular i -  
t i es  a long   t he  j e t  c e n t e r   l i n e   t o  model mass entrainment  and the v o r t e x   p a i r .  



The s t r e n g t h s   o f  these s i n g u l a r i t i e s  are v a r i e d   t o   o b t a i n  a best f i t  t o   e x p e r i -  
men ta l ly   de t e rmined   p re s su re   d i s t r ibu t ions  (ref.  30).  A d e s c r i p t i o n   o f  t h e  
p h y s i c a l   p r o p e r t i e s   o f   t h e   v o r t e x   p a i r   a s s o c i a t e d   w i t h  a j e t  i n  a crossf low 
would r e p r e s e n t  a s i g n i f i c a n t   i n c r e a s e   i n  the i n f o r m a t i o n   a v a i l a b l e   f o r   t h e  
c o n s t r u c t i o n   o f   m o d e l s   f o r   c a l c u l a t i n g   t h e   p r e s s u r e   d i s t r i b u t i o n  on the  f la t  
p l a t e .  

In   o rder   to   avoid   wind- tunnel  wall effects, most  previous  experiments 
have   been   r e s t r i c t ed   t o  jets w i t h  r a t h e r  small d i ame te r s   o f   0 .6   t o   2 .5  cm 
( 0 . 2 5   t o  1.0 i n . ) .  For the p resen t   s tudy  the  large t e s t  s e c t i o n   o f   t h e  Lang- 
l e y  V/STOL tunnel   permi t ted  the use   o f  a r e l a t i v e l y  large 10.16-cm-diameter 
(4.0-in.)  a i r  je t .  The t e s t - s e c t i o n   s i z e   e x p r e s s e d   i n  j e t  diameters is com- 
pa rab le  wi th  those  used by o t h e r   i n v e s t i g a t o r s   a n d  wall effects  should  be  negl i -  
g ib le  over the exper imenta l   range   of   ra t ios   o f  j e t  ve loc i ty   t o   c ros s f low  ve loc -  
i t y   ( d e s i g n a t e d   % e l o c i t y   r a t i o "   h e r e i n ) .  

The primary  purpose  of, t h e  p r e s e n t   s t u d y  is t o   p r o v i d e   e x t e n s i v e  data 
s u i t a b l e   f o r   t h e   q u a n t i t a t i v e   d e s c r i p t i o n   o f  t he  flow f i e ld  a s s o c i a t e d  wi th  a 
j e t  i n  a c ross f low.  The f l o w - f i e l d   p r o p e r t i e s   m o s t   c l e a r l y   d i s p l a y  symmetry 
and   o the r   s imp l i fy ing   f ea tu re s  when they are s t u d i e d   i n  j e t  c r o s s   s e c t i o n s .  
Consequently,  most  of t he  veloci ty   and  pressure  measurements   of  t he  p r e s e n t  
s tudy  were made i n  t h i s  manner.  Measurements o f  the three components of   veloc-  
i t y  and the t o t a l  and s ta t ic  p r e s s u r e s   i n  t h e  flow f i e ld  are p r e s e n t e d   i n   t a b u -  
lar  form. These tables present  measurements i n  numerous c r o s s   s e c t i o n s   f o r  
v e l o c i t y   r a t i o s  of  3, 4 ,   5 ,   6 ,  7 ,  8, and 10 and  from 2 t o  45 j e t  diameters down- 
stream o f  the j e t  o r i f i c e .  Measured v e l o c i t i e s  are used to   de te rmine  the j e t  
c e n t e r   l i n e  and   vo r t ex   cu rves   ove r   t he   expe r imen ta l   r ange   o f   ve loc i ty   r a t io s .  
Selected cross-sect ion  measurements   of   veloci ty   and  pressure are d i s p l a y e d   i n  
graphica l   form  and   the   no tewor thy   fea tures   they   exhib i t  are d iscussed .  

The veloci ty   measurements   presented  in  t h i s  r epor t   have   been   u t i l i zed   i n  
two models which i n f e r  t h e  p r o p e r t i e s   o f  t he  p a i r   o f   c o n t r a r o t a t i n g   v o r t i c e s  
from selected velocity  measurements  and the r e s u l t s  have  been  reported (ref.  27) .  
One model r e p r e s e n t s  the  v o r t i c e s  as f i l amen t s   and   y i e lds  a measure  of l a t e ra l  
spread and s t r e n g t h ;  t he  o the r  model a d d i t i o n a l l y   a c c o u n t s   f o r  t he  d i f fuseness  
o f   t he   vo r t i ce s .   Re fe rence  17 r e p r e s e n t s  t he  first a t t empt   t o   p rov ide  a quant i -  
t a t i v e   d e s c r i p t i o n   o f  the  f l o w - f i e l d   v o r t i c i t y   f o r  a wide  range  of  velocity 
r a t i o s .  

Three appendixes   to  the p resen t   r epor t  are presented .  Appendix A by Thomas 
T r o v i l l i o n   o f  t h e  Un ive r s i ty   o f   F lo r ida ,   Ga inesv i l l e ,   F lo r ida ,  describes t h e  
c a l i b r a t i o n  scheme developed  for  the rake of  seven  yaw-pitch  probes  used  in t h e  
present   s tudy  for   veloci ty   measurements .   Appendix B d i s c u s s e s  t h e  i n a c c u r a c i e s  
invo lved   i n   pos i t i on ing   t he  rake of   probes.  Tables o f  the  exper imenta l ly  deter- 
mined v e l o c i t i e s  and   p re s su res   fo r  a l l  cond i t ions   s tud ied  are p r e s e n t e d   i n  
appendix C. 
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SYMBOLS 

Values are g i v e n   b o t h   i n  SI  Units  and U.S. Customary  Units. The measure- 
ments   and  calculat ions were made i n  U.S. Customary  Units. 

area o f  j e t  o r i f i c e ,  m2 ( f t 2 )  

je t  e x i t  area corrected  for   nozzle   b .oundary-layer   thickness ,  m2 ( f t 2 )  

cu rve   f i t t i ng   pa rame te r s  

s t a t i c - p r e s s u r e   c o e f f i c i e n t ,   ( p  - p,)/qoo 

t o t a l - p r e s s u r e   c o e f f i c i e n t ,   ( p t  - pt,,)/q, 

je t  diameter, cm ( i n . )  

Mach number 

s t a t i c  p r e s s u r e ,  Pa ( l b / f t 2 )  

t o t a l   p r e s s u r e ,  Pa  ( l b / f t 2 )  

dynamic p r e s s u r e ,  P a  ( l b / f t 2 )  

e f f e c t i v e   v e l o c i t y   r a t i o   d e f i n e d  by equat ion  ( 1 )  

arc d i s t ance   a long  a je t  pa th ,  m ( f t )  

X ,  Y ,  and Z components  of  velocity;   denotes  components  in wind- 
tunnel   system when no s u b s c r i p t  is used, m/sec ( f t /sec)  

j e t  cen te r - l i ne   speed ,  m/sec ( f t / sec)  

speed  of j e t  f l u i d  a t  j e t  o r i f i c e ,  m/sec ( f t / s ec )  

Cartesian  coordinate   system  denotes   wind-tunnel   coordinate   system 
when no s u b s c r i p t  is used (see f ig .  1) 

d i s t a n c e s   a l o n g  X ,  Y, and Z a x e s ,  m ( f t )  

s t r eng th   o f   each   vo r t ex ,  m2/sec (ft2/sec) 

a n g l e   o f   i n c l i n a t i o n   o f   r a k e   s t i n g   w i t h   r e s p e c t   t o   a d a p t e r   s t i n g  as 
shown i n   f i g u r e  4, deg 

mass d e n s i t y ,  kg/m3 ( s l u g s / f t 3 )  

angle  between Z a x i s  and  probe, deg 

angle  between Z and Zc axes  (see f ig .  21, deg 
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'PV angle  between Z and Zv axes (see f ig .  21, deg 

w v o r t i c i t y ,  sec-1 

W W X  maximum v o r t i c i t y  of each d i f f u s e   v o r t e x ,  sec-l 

Subsc r ip t s :  

B refers to   p robe  

C refers t o  j e t  c e n t e r   l i n e  

j refers t o   c o n d i t i o n  a t  j e t  o r i f i c e  

V refers t o  vor tex   curve  

OD refers t o   c r o s s f l o w   c o n d i t i o n  

An arrow  over a symbol  denotes a v e c t o r .  

PATH OF THE JET 

Flow v i s u a l i z a t i o n  is the  most  convenient  method  for  determining t h e  pa th  
o f  a je t  i n  a c ross f low.  The je t  can  be seeded wi th  smoke o r  water vapor,  and 
the resu l t   photographed   for  a r a n g e   o f   v e l o c i t y   r a t i o s .  The s t i p p l e d  area shown 
i n   f i g u r e  1 r e p r e s e n t s  the observed smoke plume f o r  a v e l o c i t y   r a t i o   i n  the  
range   of  7 t o  8 (ref. 14).  Note t ha t  f i t t i n g  a curve  through  such a broad plume 
o f  smoke p r e s e n t s  some problems i n  judgment. 

A more reliable method o f   d e s c r i b i n g  the  path o f  t h e  j e t  is t o   f o l l o w  the 
maximum of  t he  a x i a l  component o f  t he  j e t  v e l o c i t y  as  t h e  j e t  is deflected by 
the  crossflow. Called the  je t  c e n t e r   l i n e ,  t h i s  curve has been  defined ( ref .  12) 
as the l o c u s   o f   p o i n t s   o f  maximum v e l o c i t y   i n  t he  plane  of  symmetry o f  t h e  flow 
( X Z  p lane ,  f ig .  1 ) .  By use  of t h i s  d e f i n i t i o n ,  it is p o s s i b l e   t o   o b t a i n  a well- 
defined  curve  from t h e  j e t  o r i f i c e   t o  t he  r eg ion  where the  l o c a l   a x i a l  component 
of the je t  v e l o c i t y  has decayed to   such  a degree tha t  it is exper imenta l ly  d i f f i -  
c u l t   t o   l o c a t e  a maximum. This  usual ly   occurs   around  15 j e t  diameters downstream 
of the je t  o r i f i c e .  

Another  method o f   d e s c r i b i n g  the j e t  pa th  is based on the  vo r t ex  pa i r  asso- 
ciated with a je t  i n  a crossflow. Such a d e s c r i p t i o n ,  called t h e  vor tex   curve ,  
may be defined as the  p r o j e c t i o n   o f  the  c e n t e r   o f  e i ther  vo r t ex   on to  the symme- 
t r y   p l a n e .  The l o c a t i o n   o f  the v o r t e x   c u r v e   r e l a t i v e   t o  the j e t  c e n t e r   l i n e  and 
smoke plume is shown i n   f i g u r e  1 .  I n  t he  region  between the  two v o r t i c e s  there 
is c o n s t r u c t i v e   i n t e r f e r e n c e   o f  the  induced   ve loc i t i e s  t h a t  produces  an "upwash" 
v e l o c i t y  component i n  t h e  p lane   o f  t he  c r o s s   s e c t i o n .  Th i s  "upwashT1 v e l o c i t y  
has a maximum i n  the symmetry plane  a long the  l i n e   j o i n i n g  the  two vor t ex  ten- 
ters and  can be used t o   l o c a t e  t he  vor tex   curve   exper imenta l ly .  The vo r t ex  
curve is as eas i ly   de te rmined   exper imenta l ly  as the  jet  c e n t e r   l i n e .   S i n c e  t h e  
v o r t i c e s  have  been  found t o  be t h e  most p e r s i s t e n t  feature of t h e  flow, the  vor- 
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tex  curve  can be determined much farther downstream o f  the j e t  o r i f i c e   t h a n  the  
j e t  c e n t e r   l i n e .   I n  fact ,  t he  d e f i n i t i o n   o f  the j e t  c e n t e r   l i n e  must be used 
with care because i n  some c ross - sec t ions  the ve loc i ty   induced  by the vo r t ex  
pa i r   can  be comparable with or greater than the l o c a l  j e t  center - l ine   speed .  

The je t  c e n t e r   l i n e  and vor tex   curve  are two wel l -def ined   curves   to  describe 
the  path of a j e t  i n  a crossf low.   Both   descr ip t ions  are usefu l   and   bo th  w i l l  be 
u t i l i z e d   i n  t h i s  r e p o r t .  A p l ane   pe rpend icu la r   t o  the je t  c e n t e r   l i n e  w i l l  be 
called a j e t  c e n t e r - l i n e   c r o s s   s e c t i o n ,  likewise, f o r  a vo r t ex   cu rve   c ros s  sec- 
t i on .   F igu re  2 is a sketch o f  the  two curves  and their  a s s o c i a t e d   c o o r d i n a t e  
sys t ems .   In   gene ra l   d i scuss ion ,  when it is no t  desirable t o  refer t o  e i ther  of 
these d e s c r i p t i o n s   s p e c i f i c a l l y ,  the terms je t  path  and jet c r o s s   s e c t i o n  w i l l  
be used. 

APPARATUS 

This  experiment was conducted i n  the Langley V/STOL wind tunne l  which 
is a c losed   re turn   a tmospher ic   tunnel  wi th  a test  sec t ion   4 .42  m by 6.64 m 
(14.50 f t  by 21.75 f t ) .  T e s t - s e c t i o n   a i r s p e e d s   f o r  t h i s  i nves t iga t ion   r anged  
from 15 m/sec t o  62 m/sec (49 ft /sec t o  203 f t / sec) ,  or free-stream Mach num- 
bers of   0 .04  to   0 .18.  Jet Mach numbers  ranged  from  0.32 t o  0.93. 

The f l a t  plate was o r ig ina l ly   cons t ruc t ed   f rom a 1.22-m  by 2.44-m ( 4 - f t  
by 8-f t )  sheet o f  1.91-cm (0.75-in.)  plywood wi th  an   over lay   o f  1.59-mm-thick 
(0.0625-in.)  formica on t h e  upper   sur face .  (1.22-m  by 2.44-m measurements 
cor respond  to  12D  by 24D.) A h o l e   f o r   t h e   n o z z l e  was cen te red  midway between 
the long sides of the p l a t e  and 6D a f t  o f  its l ead ing  edge. Sheet metal fair-  
i n g  was used  on the unde r s ide   o f  the f l a t  plate t o   p r o t e c t  t he  p r e s s u r e  leads 
and t o   s t r e a m l i n e  t h e  je t  nozzle-plenum  assembly. 

The measured v e l o c i t i e s   p r e s e n t e d   i n  t h i s  r e p o r t  are the  r e s u l t s   o f  two 
tunne l  tests. For the first tes t ,  the  f l a t  p l a t e  was mounted 3D above the tun- 
ne l   f loor .   Dur ing  the  second tes t ,  a fu l l - span  3 D  leading-edge  extension was 
added t o  t h e  f l a t  p l a t e  and the  p l a t e  was mounted  4.5D  above the  t u n n e l   f l o o r .  
The purpose  of these changes i n  geometry was t o   r e d u c e  a s l i g h t  s t a t i c - p r e s s u r e  
g r a d i e n t  which occur red   i n  the v i c i n i t y   o f   c e r t a i n   s t a t i c - p r e s s u r e   p o r t s  on the  
f l a t  p l a t e  ( r e f .  2 5 ) .  The geometry  changes had a n e g l i g i b l e  effect  on the 
v e l o c i t y  f i e l d .  

The j e t  o f  a i r  was formed by us ing  a plenum  chamber  and a 20:l  convergent 
nozzle   designed  to   provide a f la t  v e l o c i t y   p r o f i l e  a t  the 10.16-em-diameter 
(4 .00 - in . )   nozz le   ex i t  (ref.  3 1 ) .   I n   o r d e r   t o   m e a s u r e  t h e  s t a t i c  p r e s s u r e   i n  
the  j e t  as c l o s e   t o  the plane  of  the  p l a t e  as p o s s i b l e ,  a small r i n g  was 
i n s t a l l e d  a t  t he  j e t  o r i f i c e  with fou r   s t a t i c -p res su re   po r t s   spaced   equa l ly  
around the  in s ide   su r f ace   o f  t h i s  je t  e x i t   r i n g  0.64 cm (0.25  in . )   f rom t h e  
e x i t   p l a n e .  When the  p l a t e  was mounted 4.5D above the t u n n e l   f l o o r ,  a cons tan t -  
diameter c y l i n d r i c a l   e x t e n s i o n  was used t o   e x t e n d  from the  convergent   nozz le   to  
the j e t  e x i t   r i n g .   F i g u r e  3 is a sketch of the nozzle-plenum  assembly wi th  the 
ex tens ion   i n   p l ace .   Supp ly  a i r  f o r  the jet  was heated so t h a t  the temperature 
a t  t he  j e t  o r i f i c e  would be approximately the  same as tha t  o f  t he  c ross f low.  A 
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ven tu r i   f l owmete r   i n  the a i r  s u p p l y   l i n e  was used t o  measure the  mass flow rate 
o f   t h e  j e t .  

Velocity  measurements were made wi th  a rake of   seven   para l le l   yaw-pi tch  
probes mounted  5.08 cm (2.00 i n . )   a p a r t  on t h e   l e a d i n g  edge o f   a n   a i r f o i l  as 
shown i n   f i g u r e  4. Th i s  f i g u r e   a l s o  shows the   rake   o f   p robes  mounted  on a 
2.54-cm-diameter  (1.00-in.)  rake  sting  which  could be pivoted  and  secured a t  
50 increments w i t h  r e s p e c t   t o  a 5.08-cm-diameter  (2.00-in.)  adapter sting. 
Each  probe was 20.32 cm (8.00  in.)   long  and  0.64 cm ( 0 . 2 5   i n . )   i n  diameter. 
F i v e   p r e s s u r e   o r i f i c e s  were loca ted  on the h e m i s p h e r i c a l   t i p   o f  each probe, 
and a ring of s i x  i n t e r c o n n e c t e d   s t a t i c - p r e s s u r e   p o r t s  were located  5 .08 cm 
(2.00 i n . )  a f t  o f  the probe   t ip .   (See  f ig .  5 . )  A photograph  of the appa ra tus  
i n s t a l l e d   i n  t he  wind tunne l  is shown i n   f i g u r e   6 .  A remotely  dr iven lead sc'rew 
was i n s t a l l e d   i n   t h e  15.2-cm-diameter  (6.0-in.)  wind-tunnel  sting  to  provide 
about  41 cm (16   i n . )   o f   l ong i tud ina l  movement for t he  a d a p t e r   s t i n g  rake wi th  
r e s p e c t   t o  t h e  wind-tunnel sting. I n   f i g u r e   6 ,  the a d a p t e r   s t i n g  is i n  t h e  
f u l l y  retracted p o s i t i o n .  

Two boundary-layer  survey  devices were used t o  measure the  boundary  layer  
on the  f la t  p l a t e .  One was comprised  of a s ta t ic -pressure   p robe   and  a bank o f  
6 total-pressure  probes  spanning  0 .4  cm (0 .16   i n . ) ;  t he  o t h e r  had 19 t o t a l -  
pressure  probes  and  spanned  4.2 cm ( 1 . 6 5   i n . ) .  

A l l  p r e s s u r e s  were measured wi th  p re s su re   t r ansduce r s  which were calibrated 
w i t h  water or mercury  manometers. The leads from the  p r e s s u r e   p o r t s  on t h e  
probes were connected by p l a s t i c   t u b i n g   t o  a pressure  scanning  device mounted 
i n s i d e  the wind-tunnel   s t ing.  Each dev ice   cons i s t ed   o f  a s i n g l e   p r e s s u r e   t r a n s -  
ducer which could be connec ted   s equen t i a l ly   t o  each o f  48 p res su re   t ubes .  The 
output   o f   each   pressure   t ransducer  was fed  i n t o  a low pass  f i l t e r  t o   a t t e n u a t e  
f l u c t u a t i o n s   i n  the  t r a n s d u c e r   o u t p u t   s i g n a l .  One second after each static- 
p r e s s u r e   p o r t  was connected   to   the   p ressure   t ransducer ,  t he  s i g n a l  from the  
f i l t e r  was sampled  and  recorded on magnet ic   tape.  

TEST PROCEDURES AND CONDITIONS 

Jet Nozzle Characteristics 

The c h a r a c t e r i s t i c s   o f   t h e  j e t  nozz le   exhaus t ing   i n to  still a i r  were inves- 
tigated pr ior   to   the  wind-tunnel   experiment .   Veloci ty   determinat ions were made 
i n  the e x i t   p l a n e   o f  t h e  j e t  by sepa ra t e   su rveys   w i th  a p i t o t   t u b e  and w i t h  a 
s t a t i c -p res su re   p robe .   Ve loc i ty   d i s t r ibu t ions  were a lso   de te rmined  a t  s e v e r a l  
j e t  c r o s s   s e c t i o n s  downstream  of t he  e x i t   p l a n e  by surveys  wi th  a P i t o t - s t a t i c  
probe. These s t u d i e s  were made a t  j e t  Mach numbers o f  0.3, 0.5,  0.8,  and  1.0. 

P.  Saha ( ref .  32) has compared t h e  m e a s u r e d   v e l o c i t y   d i s t r i b u t i o n   f o r  t h e  
je t  nozz les   used   in  t h e  present   experiment  w i t h  the r e su l t s   o f   A lbe r t son ,  Dai, 
Jensen,  and  Rouse  for a free  jet  ( ref .  33).   Reference 33 p r e s e n t s  a d e s c r i p t i v e  
model f o r  the free  jet based on an  assumed  Gaussian d i s t r i b u t i o n   f o r   t h e   a x i a l  
v e l o c i t y  component. The expe r imen ta l ly   de t e rmined   pa rame te r   i n   t he i r  model i s  
evaluated  from the measured je t  center- l ine  decay.   Figure 7 compares  the j e t  
center- l ine  decay  of  t he  nozz le   u sed   i n  t h e  present   experiment  wi th  t h e  r e s u l t s  



of   r e f e rence  33. The p r e s e n t   r e s u l t s   f o r  = 0.3 co inc ide  wi th  those   o f  ref- 
e rence  33, where j e t  Mach numbers were less  han  0.2. There is a n o t i c e a b l e  
v a r i a t i o n   i n  t h e  center - l ine   decay  characterist ics with je t  Mach number. The 
l eng th   o f  the  j e t  core   increases ,   and  the center- l ine  speed  decays less r a p i d l y ,  
wi th   increas ing  Mach number. 

Mi! 

Outside  of the nozzle  boundary  layer,  the e x i t   p l a n e   v e l o c i t y   p r o f i l e  was 
f l a t  to   w i th in   0 .5   pe rcen t   o f   t he   ve loc i ty  measured a t  the  c e n t e r   o f  t h e  j e t .  
The boundary-layer  displacement  thickness  of  the  nozzle a t  the  e x i t   p l a n e  (with-  
ou t   nozz le   ex t ens ions )  was de termined   exper imenta l ly   to  be (2 .8  2 0 . 5 )  x 10-3 D. 
There was no n o t i c e a b l e   v a r i a t i o n   o f  the  boundary-layer   prof i le   with j e t  Mach 
number. 

E f fec t ive   Ve loc i ty   Ra t io  

E a r l y   i n v e s t i g a t o r s  ( refs .  12 and 13)  expressed the  p r o p e r t i e s   o f  a je t  i n  
a c r o s s f l o w   i n  terms o f   t h e   r a t i o   o f  j e t  v e l o c i t y   t o   c r o s s f l o w   v e l o c i t y .   T h i s  
is appropr ia te   under   cer ta in   s impl i fy ing   condi t ions ;   however ,   in   genera l ,  it is 
the r a t i o   o f  the momentum f l u x   a c r o s s  the j e t  o r i f i c e   t o  the momentum f l u x   o f  
t h e  crossf low  over   an  equal  area that  is t h e  s ign i f icant   d imens ionless   parameter .  
I n   o r d e r   t o  be c o n s i s t e n t  w i t h   t h e  terminology  of t h e  e a r l y   i n v e s t i g a t i o n s ,  it 
is c o n v e n i e n t   t o   d e f i n e   a n   e f f e c t i v e   v e l o c i t y   r a t i o  as the  squa re   roo t   o f  t h i s  
r a t i o   o f  momentum f l u x e s  

If the dens i ty   o f  t h e  two f l u i d s  is the same and i f  U j  is cons tan t   over  the 
je t  o r i f i c e ,   t h e n   e q u a t i o n  ( 1 )  r e d u c e s   t o  the r a t i o   o f  je t  v e l o c i t y   t o   c r o s s f l o w  
v e l o c i t y .  It should be n o t e d   t h a t  t he  r ec ip roca l   o f   equa t ion  ( 1 )  is used by  some 
i n v e s t i g a t o r s  and is u s u a l l y  referred t o  by the  same name. 

Other  u s e f u l   e q u a t i o n s   f o r  t he  e f f e c t i v e   v e l o c i t y   r a t i o   c a n  be obta ined  
from  equation ( 1 ) .  Some o f  these v a r i a t i o n s  and their  a p p l i c a t i o n   t o  the  pres- 
e n t   i n v e s t i g a t i o n  are d i s c u s s e d   i n   r e f e r e n c e   2 5 .  For p r e s e n t a t i o n   o f   r e s u l t s   i n  
t h i s  r e p o r t ,  the a p p r o p r i a t e   s i m p l i f i c a t i o n   o f   e q u a t i o n  ( 1 )  is R Mj/M,. Th is  
r e l a t i o n s h i p   r e s u l t s  from the  assumption  of  a j e t  wi th  f l a t  v e l o c i t y   p r o f i l e  
expanding  isentropical ly   f rom  plenum  total   pressure  to  the  c ross f low s t a t i c  pres- 
s u r e .  It a lso   p rovides   cons is ten t   compar ison  with data from the  o t h e r   i n v e s t i -  
g a t o r s  who c a l c u l a t e  their  v e l o c i t y   r a t i o s   i n  a similar way. 

C a l i b r a t i o n   o f  Yaw-Pitch Probes 

Large angles   (over  45O) were encountered  between  individual  probes  and the 
d i r e c t i o n  of l o c a l   a i r f l o w  when t h e  rake of   probes was pos i t i oned   i n   p l anes   pe r -  
p e n d i c u l a r   t o  the  je t  pa th .  A separate   wind-tunnel  t es t  was conducted t o  pro- 
v i d e   c a l i b r a t i o n  data f o r  a large range of f low  angu la r i ty .   F igu re  8 is a pho- 
tograph  of  the rake of probes and s t ing  arrangement  for t h e   c a l i b r a t i o n  tes t .  
The  U-shaped s t ing   a l lowed the p r o b e s   t o   r e m a i n   i n   t h e  same t u n n e l   l o c a t i o n  as 
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t h e   v e r t i c a l  sting was ro ta t ed   abou t  its a x i s   t o   p r o v i d e  a range   of   tunnel  yaw 
ang les .  The r o l l   p o s i t i o n   o f  the rake could be changed  manually  by  rotating 
the  rake a i r f o i l  wi th  r e s p e c t  t o  the  rake s t i n g .  T h i s  ro t a t ion   enab led  the  tun- 
n e l  yaw degree of   f reedom  to  be used   for   bo th  yaw and p i t c h  sweeps  of the rake. 
Data f o r   f l o w   a n g l e s   i n  the range  of  -650 t o  +650 i n   b o t h  yaw and p i t c h  were 
t aken .   Add i t iona l ly ,  selected measurements were taken  over  a tunne l  yaw range 
f o r   i n t e r m e d i a t e   r o l l   p o s i t i o n s   o f  the  rake. This  was done t o  check  the Cali- 
b r a t i o n  scheme  developed  from t h e   r a k e  yaw and p i t c h  data. Most o f  the measure- 
ments were made a t  a tunne l   a i r speed  of 40 m/sec (131 f t / sec)  but  selected mea- 
surements were repea ted  a t  an   a i r speed   of   68  m/sec (223 ft /sec) t o   v e r i f y  tha t  
t h e   c a l i b r a t i o n  d i d  no t  depend  on t u n n e l   a i r s p e e d .  

A c a l i b r a t i o n  scheme based on po ten t i a l - f low  theo ry  is presented   in   appen-  
d i x  A.  I n  t h i s  scheme, the po ten t i a l - f low  so lu t ion   fo r   un i fo rm  f low  ove r  a 
sphere  is g e n e r a l i z e d   t o   p r o v i d e   e q u a t i o n s   r e l a t i n g  the  p r e s s u r e   d i s t r i b u t i o n  
on the h e m i s p h e r i c a l   t i p   o f  each probe t o   t h e   f l o w   v e l o c i t y .  The undetermined 
p a r a m e t e r s   i n   t h e s e   e q u a t i o n s  are evaluated  from t h e  c a l i b r a t i o n  data. Based 
on the  r e s u l t s   o f  the ca l ib ra t ion   expe r imen t ,  it is estimated t h a t   e r r o r s   i n  
de te rmining   f low  angular i ty  are u s u a l l y  less than  a degree or two, e r r o r s   i n  
determining  a i rspeed  rarely  exceed 5 pe rcen t ,   and   e r ro r s   i n   de t e rmin ing  s t a t i c  
and t o t a l   p r e s s u r e  are u s u a l l y  less than  10 pe rcen t .  These e r r o r  estimates are 
for   uniform  f low w i t h  f low  angu la r i ty   w i th in  the  range  of  the  ca l ib ra t ion   expe r -  
iment. They do no t   i nc lude  t h e  effects o f  high t u r b u l e n t   i n t e n s i t y   s u c h  as are 
encountered  throughout t h e  je t  plume or of  large ve loc i ty   g rad ien t s   such  as  are 
encountered  near   the j e t  o r i f i c e .  No estimates o f  t he  e r r o r s   d u e   t o  these 
effects have  been made. However, i n   a n   a t t e m p t   t o   r e d u c e  the  e r r o r s  due t o  
large p r e s s u r e   g r a d i e n t s   i n  t he  flow,  only  pressure  measurements  from the  probe 
t i p  have  been  used i n  t h i s  c a l i b r a t i o n  scheme. 

Data A c q u i s i t i o n   i n  Jet Cross S e c t i o n s  

Flow-field  measurements  for a j e t  i n  a c ross f low  most   c lear ly   d i sp lay   iden-  
t i f i ab le  characteristics and   o the r   s imp l i fy ing   f ea tu re s  when they are made i n  
c ross -sec t ion   p lanes   th rough the  j e t  plume. For t h i s  r eason ,  most of the  veloc- 
i t y  and  pressure  measurements  of t h e  p r e s e n t   s t u d y  were made i n  t h i s  manner. 
Table 1 summarizes the e x t e n t   o f  t he  flow-field  measurements  of the  p resen t  
s tudy   and   fo r   t h ree   o the r   expe r imen t s   i n   t unne l s   o f   va r ious  s izes .  A l l  have 
emphasized data a c q u i s i t i o n   i n  j e t  c r o s s   s e c t i o n s   f o r  a r ange   o f   ve loc i ty  
r a t i o s  and r ep resen t  a range  of jet diameters from  0.64 t o  10.16 cm. 

The d e c i s i o n   t o   m e a s u r e   v e l o c i t i e s   i n   p l a n e s   p e r p e n d i c u l a r   t o  the  j e t  path 
p laced   s t r ingent   requi rements  on t h e   l o c a t i o n   a n d   o r i e n t a t i o n   o f  t he  rake o f  
probes.  These requirements had t o  be r econc i l ed  wi th  the reali t ies of t h e  
experimental   arrangement   in   such a way tha t  t he  test  could be performed i n  a 
reasonable   l ength   o f  time. The types  of   motion  avai lable   through the tunne l  
s t ing   sys tem had t o  be augmented by equ ipmen t   des igned   spec i f i ca l ly   fo r  t h i s  
experiment. The problem  of   pos i t ion ing   the  rake of  probes  and the  e r r o r s   i n  
probe  placement  due t o  compromises made t o  u t i l i z e   a v a i l a b l e   e q u i p m e n t  are pre- 
sen ted   in   appendix  B. Based on t h e   r e s u l t s  of t h i s   a n a l y s i s ,  it is estimated 
tha t   t he   i naccuracy   i n   p robe   p l acemen t   i n   any   d i r ec t ion   r a re ly   exceeded  0.1D. 



EXPERIMENTAL RESULTS 

Scope o f   P r e s e n t   I n v e s t i g a t i o n  

The data p r e s e n t e d   i n  t h i s  r e p o r t  were taken  during two wind-tunnel tests. 
The primary  purpose  of the first test  was t o   a c q u i r e  enough veloci ty   measure-  
ments i n  each o f  a few jet c r o s s   s e c t i o n s   t o   d e s c r i b e  the  l o c a l   p r o p e r t i e s   o f  
the p a i r   o f   c o n t r a r o t a t i n g   v o r t i c e s   a s s o c i a t e d  wi th  a j e t  i n  a c r o s s f l o w   f o r  
e f f e c t i v e   v e l o c i t y   r a t i o s   o f  4 and 8. These measurements  represented  one  of the 
first a t t e m p t s   t o   d e s c r i b e  these vor t ices   quant i ta t ive ly .   Veloc i ty   measurements  
were taken  a t  approximately 1350 l o c a t i o n s   i n  eight j e t  c r o s s   s e c t i o n s .  The 
v o r t i c e s  were found t o  be much more d i f f u s e   t h a n  aircraft  wing-t ip   vort ices ,   and 
only the  f o u r  largest c r o s s   s e c t i o n s   o f  t h i s  test were ex tens ive  enough t o  
inc lude  the  e n t i r e   r e g i o n   o f   s i g n i f i c a n t   v o r t i c i t y .  The r e s u l t s  of t h i s  tes t  
made clear the  magni tude  of   the task of   providing a s t ra ight forward   numer ica l  
d e s c r i p t i o n   o f  t h e  vo r t ex  pair as it develops from  one c r o s s   s e c t i o n   t o   a n o t h e r  
and f o r  a r a n g e   o f   e f f e c t i v e   v e l o c i t y   r a t i o s .   A l s o   i n c l u d e d   i n  the first test 
were v e l o c i t y   m e a s u r e m e n t s   i n   s e v e r a l   v e r t i c a l   s e c t i o n s   i n  t h e  jet-wake reg ion .  

After conducting the first experiment,  it was apparent  that  fur ther   p rog-  
ress depended  on the  development  of a scheme f o r   i n f e r r i n g  the v o r t e x   p r o p e r t i e s  
from a r e l a t i v e l y  small sample  of  velocity  measurements.  Two models were devel- 
oped to   accomplish t h i s :  one  assumed t h a t  the con t r a ro t a t ing   vo r t i ce s   behave  
l i k e  vo r t ex   f i l amen t s ,   and  the  o t h e r ,  tha t  they  behave l i k e  d i f f u s e   v o r t i c e s  
w i t h  a s p e c i f i c   d i s t r i b u t i o n   o f   v o r t i c i t y  (ref.  27) .  The l o c a t i o n ,   s t r e n g t h ,  
and d i f f i s e n e s s   ( f o r  t he  d i f fuse   vor tex   model )   o f  t he  v o r t i c e s  were t o  be deter- 
mined a t  a c r o s s   s e c t i o n  by selected ve loc i ty   measurements   in  that  c r o s s   s e c t i o n .  
The vo r t ex   f i l amen t  model requi red   on ly  a few veloc i ty   measurements   in  t he  p lane  
of  flow  symmetry; whereas the d i f f u s e   v o r t e x  model r e q u i r e d   a d d i t i o n a l   v e l o c i t y  
measurements  out  of the symmetry plane.  

The primary  purpose  of the  second test was ta a c q u i r e   s u f f i c i e n t   v e l o c i t y  
measurements t o   i n f e r  the  p r o p e r t i e s   o f  the v o r t e x   p a i r  a t  s e v e r a l   c r o s s  sec- 
t i o n s   f o r  each o f  a series o f   e f f e c t i v e   v e l o c i t y   r a t i o s .   I n  t h i s  second tes t ,  
a d i s t i n c t i o n  was made between data acqui red   to   de te rmine  t h e  locat ion  and  decay 
of t h e  j e t  c e n t e r   l i n e  and data a c q u i r e d   t o   i n f e r  the  p r o p e r t i e s   o f  the vo r t ex  
p a i r .   R e s u l t s   o f  t he  first test  and the  work o f  Thompson ( r e f .  15) were used 
t o  estimate t h e  l o c a t i o n   o f  the  vortex  curve.   During the  second tes t ,  v e l o c i t y  
measurements were made a t  approximately 1150 l o c a t i o n s   i n  26 c r o s s   s e c t i o n s   f o r  
u s e   i n  the d i f f u s e   v o r t e x  model. The v e l o c i t y  was a l s o  measured i n   t h e  symmetry 
p l a n e   i n   a n   a d d i t i o n a l  61 c r o s s   s e c t i o n s   f o r   u s e   i n  the vortex  f i lament   model .  
These velocity  measurements were made f o r   e f f e c t i v e   v e l o c i t y   r a t i o s   o f  3 ,  4,   5 ,  
6 ,  7, 8, and IO. Addit ional   veloci ty   measurements  were made i n  t h e  symmetry 
p l a n e   t o   v e r i f y  the  l o c a t i o n   o f  the  j e t  c e n t e r   l i n e   f o r  each v e l o c i t y   r a t i o .  
The e x t e n t  and c o n d i t i o n s   f o r  these two tests are p r e s e n t e d   i n  table 2 .  

The measured v e l o c i t i e s ,  s ta t ic  p r e s s u r e s ,   a n d   t o t a l   p r e s s u r e s   f o r  these 
two tests are p resen ted   i n   append ix  C ( tables  C1 t o  C4). 
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Measurements i n  Symmetry Plane 

Jet center   l ine . -   Determina t ion   of  the j e t  c e n t e r   l i n e   h a s  been  one  of  the 
pr imary   ob jec t ives   o f  many t h e o r e t i c a l  and   expe r imen ta l   s tud ie s   o f  a j e t  i n  a 
crossf low.  Its de termina t ion  is i n c l u d e d   i n  t h e  p resen t   s tudy   t o   supp lemen t  
the d e s c r i p t i o n   o f  the  v o r t e x   p a i r   a s s o c i a t e d   w i t h  the je t  and t o   p r o v i d e  a means 
of  comparison wi th  t h e   r e s u l t s   o f   o t h e r   e x p e r i m e n t s .  

An experimental   determinat ion  of  the  jet c e n t e r   l i n e , i s   s t r a i g h t f o r w a r d .  As 
t h e  j e t  is d e f l e c t e d  by the  c ross f low,  t h e  v e l o c i t y   i n   t h e  j e t  d e c a y s   r a p i d l y   t o  
values  comparable wi th  the c ross f low  ve loc i ty .  This  def lect ion  and  decay  of  the  
a x i a l  component o f   v e l o c i t y   i n  t he  j e t  can  be  detected by su i tab le   p lacement   o f  
ve loc i ty   measur ing   probes   in  the  plane  of   f low symmetry ( X Z  p l a n e ) .  An i n i t i a l  
estimate o f  t he  j e t  cen te r   l i ne ,   ob ta ined   f rom the  r e s u l t s   o f   o t h e r   e x p e r i m e n t s  
(ref.  14) ,  was used t o   p o s i t i o n  the  rake o f   p robes   fo r  the  wind-tunnel  experi-  
ment. The va lue  and l o c a t i o n   o f  the maximum a x i a l  component o f   v e l o c i t y  a t  each 
rake loca t ion   can  be determined by f a i r i n g  a curve  through t h e  measured va lues  
of UB/U=. The l o c u s   o f   p o i n t s   o f  these maxima f o r  a g i v e n   v e l o c i t y   r a t i o   d e t e r -  
mines the je t  c e n t e r   l i n e .  

An i t e r a t i v e   p r o c e s s  was u t i l i z e d   i n  which t h i s  curve   se rves  as a first 
approximation  to  the jet c e n t e r   l i n e .  The a x i a l  components o f  the measured 
v e l o c i t i e s   i n   c r o s s   s e c t i o n s   t o  t h i s  curve were used t o   d e f i n e  a second  approxi- 
mat ion   to  the j e t  c e n t e r   l i n e .  Such a process   could be continued until neg l i -  
gible changes i n  t h e  cu rve   r e su l t ed .  However, because  of t he  na tu re   o f  t h e  
v e l o c i t y   f i e l d   i n  the  reg ion   of  t h e  jet  c e n t e r   l i n e ,  the first approximation 
was found to   p rov ide   an   adequa te   desc r ip t ion   o f  the j e t  c e n t e r   l i n e .  

Table 3 p r e s e n t s  the r e s u l t s   o f  the  jet cen te r - l i ne   s tudy .  The l o c a t i o n  
and o r i e n t a t i o n   o f  t he  rake, the  l o c a t i o n   o f  t h e  j e t  c e n t e r   l i n e ,  t he  f i n a l  
c ross -sec t ion   angle ,   and  the  maximum a x i a l   v e l o c i t y  are p resen ted   fo r  each c r o s s  
s e c t i o n   s t u d i e d .  For c r o s s   s e c t i o n s   s u f f i c i e n t l y  far from t h e  j e t  o r i f i c e ,  mea- 
surements  from a l l  seven  probes are used to   de te rmine  t h e  c e n t e r - l i n e   p r o p e r t i e s .  
For c r o s s   s e c t i o n s   c l o s e   t o  the j e t  o r i f i c e  (x/D 5 21, large v e l o c i t y   g r a d i e n t s  
are encountered  for  which t h e  probe  spacing is sometimes  too great to   p rovide  a 
p r e c i s e   d e s c r i p t i o n   o f  the v e l o c i t y   p r o f i l e   i n  t he  v i c i n i t y  of t he  c e n t e r   l i n e .  
However, it is thought t h a t  t h e  three p r o b e s   c l o s e s t   t o  t h e  maximum measured 
ve loc i ty   p rov ide   an   adequa te   desc r ip t ion   o f   t he   cen te r - l i ne   p rope r t i e s .   Fo r  
most o f  the c ros s   s ec t ions ,   i n fo rma t ion  from f o u r  or more probes is used t o  
determine the  j e t  c e n t e r - l i n e   p r o p e r t i e s .  

The je t  cen te r - l i ne   decay   p rope r t i e s  are i n d i c a t e d   i n   f i g u r e  9 .  I n  t h i s  
f i g u r e ,  the  q u a n t i t y  (U$ - U, cos  qc)/(Uj - U, c o s  cpc> is p l o t t e d   a g a i n s t  arc 
d i s t ance   a long   t he  je t  cen te r - l i ne   cu rve .  This  cu rve   r ep resen t s   an   a t t empt   t o  
d i s p l a y  t h e  j e t  c e n t e r - l i n e   d e c a y   i n  a manner  which  would be compatible w i t h  a 
coflowing je t  i n  the limit as (pc approaches  zero.   Figure  9(a)   compares  t h e  
r e s u l t s  of the p resen t   s tudy  w i t h  t h e  r e s u l t s   o f  Kamotani ( re f .  17) f o r   a n  effec- 
t i v e   v e l o c i t y   r a t i o   o f  8. Also shown i n   f i g u r e  9 are the center - l ine   decay  prop- 
ert ies o f  t h e  j e t  when there is no crossf low (free j e t ) .  The effect  o f  j e t  Mach 
number on t h e  decay   proper t ies  which is apparent   with no c ross f low (see f ig .  7) 
is cons ide red   t o  be secondary   to  the effect  o f  t he  v e l o c i t y   r a t i o   f o r  a j e t  i n  
a crossflow.  Selected  measurements a t  d i f f e r e n t  j e t  Mach numbers suppor t  t h i s  
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assumption.   Figure  9(b)   presents  the  decay  of the j e t  center - l ine   speed   for  
e f f e c t i v e   v e l o c i t y   r a t i o s   o f  3, 6 ,  and IO. The t rend   of  t h e  data shows an 
increased amount of  j e t  decay as e f f e c t i v e   v e l o c i t y   r a t i o   d e c r e a s e s .  The results 
f o r   v e l o c i t y   r a t i o s   o f  3 and  10 se rve  as an  envelope  for  t he  decay  propert ies   of  
the  i n t e r m e d i a t e   v e l o c i t y   r a t i o s   o f  the present   s tudy .  

Vortex  curve.- The v o r t e x   c u r v e   p a r t i a l l y   d e s c r i b e s  t he  loca t ion   o f  t h e  
vortex  system  associated wi th  a j e t  i n  a crossf low.  The d i f f u s e   c o n t r a r o t a t i n g  
v o r t i c e s  which  form  near t h e  j e t  o r i f i c e  are c a r r i e d  downstream  along  trajecto- 
ries which depend  on the  v e l o c i t y   r a t i o .  The vo r t ex   pa i r   i nduces  a v e l o c i t y  
f i e l d   i n   t h e   p l a n e   o f  a vor tex  cross s e c t i o n  which is eas i ly   de tec ted   exper imen-  
t a l l y   ( r e f .   1 6 ) .  Along t h e  l i n e   o f   i n t e r s e c t i o n   o f  t he  symmetry plane wi th  a 
vo r t ex   cu rve   c ros s   s ec t ion  ( Z v  a x i s ,   f i g .  21, t h e  Wv v e l o c i t y   d i s t r i b u t i o n  
induced by the  v o r t i c e s   e x h i b i t s  a maximum a t  the  p o i n t   o f   i n t e r s e c t i o n   o f  t h e  
vortex  curve wi th  the  c r o s s   s e c t i o n  as i n d i c a t e d   i n  sketch (a ) .  

+r I -1' I /  

Sketch (a)  

This  symmetry plane  behavior   provides  a simple  experimental  means of 
de te rmining   vor tex   pos i t ion  a t  a p a r t i c u l a r  rake l o c a t i o n .   I n   p r a c t i c e ,   s e l f -  
cons i s t en t  results were achieved with a n   i t e r a t i v e   t e c h n i q u e  similar t o   t h a t  
used to   determine  the je t  c e n t e r   l i n e .  To ob ta in  t h e  velocity  measurements 
needed i n  t h i s  a p p r o a c h ,   a n   i n i t i a l  estimate of   the   vor tex   curve  was used t o  
pos i t ion   the   rake   o f   p robes .  The poin t  a t  which the  v e l o c i t y  component along 
t h e  i n i t i a l  Zv a x i s  reached a maximum suppl ied  a first approximat ion   to  the 
vo r t ex   pos i t i on .  The locus   o f  these p o i n t s   f o r  a g i v e n   e f f e c t i v e   v e l o c i t y   r a t i o  
def ined a new vortex  curve.  The measured v e l o c i t i e s  were n e x t   p r o j e c t e d   i n t o  a 
coordinate   system  def ined by the revised  vortex  curve  and t h i s  process  was con- 
t i n u e d   u n t i l  there was a n e g l i g i b l e   c h a n g e   i n  t he  loca t ion   o f  the vortex  curve.  
The r e s u l t s   o f  the  vortex  curve  determinat ion are shown i n  table 4. The loca-  
t i o n  and o r i e n t a t i o n   o f  t h e  rake, t h e  loca t ion   o f  the vortex  curve,  the arc 
length   a long  the  vor tex   curve ,  and the f i n a l   c r o s s - s e c t i o n   a n g l e  are presented 
for   each   condi t ion  tha t  r e su l t ed   i n   u se fu l   i n fo rma t ion .  
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Discussion  of  measurements.-  Both the  j e t  c e n t e r   l i n e  and t h e  vor tex   curve  
can be descr ibed adequate ly  by an   equat ion   of  t h e  form 

The parameters a ,  b,  and c can be determined  by f i t t i n g  t h i s  e q u a t i o n   i n  
a leas t - squares   sense   to   va lues   for   the   cen ter - l ine   and   vor tex-curve   loca t ions  
from tables 3 and 4, r e spec t ive ly .   Fo r  a g i v e n   v e l o c i t y   r a t i o ,   o n l y   l o c a t i o n  
v a l u e s   f o r  a single c r o s s f l o w   v e l o c i t y  were used in   de t e rmin ing  the  parameters.  
I n  t he  tables, t h e   s u p e r s c r i p t  b denotes   supplemental  data a t  a l t e r n a t e   c r o s s -  
f low  ve loc i t ies   and  a t  p o s i t i o n s   f o r  which the  veloci ty   measurements   yielded 
l o c a t i o n s   o f   m a r g i n a l   r e l i a b i l i t y .  The parameter   values  which r e s u l t e d  are 
ac = 0.9751, bc = 0.9085, cC = 0.3385, a, = 0.3515, bv = 1.122,  and 
cv = 0.4293. The root-mean-square  deviations  of t h e  po in t s   u sed   t o   de t e rmine  
the  parameters  from the  r e s u l t i n g   c e n t e r   l i n e  and  vortex  curves  are 0.19D and 
0.26D, r e s p e c t i v e l y .  The s l i g h t   d i f f e r e n c e s  between  parameter  values l i s t e d  
fo r   equa t ion   (2 )   and   t hose   p re sen ted   i n   r e f e rence  27 are due   pr imar i ly   to  a 
minor  improvement i n  the  probe  cal ibrat ion  scheme.  

Figure 10 provides  a v i s u a l   i n d i c a t i o n   o f  the  q u a l i t y  sf the f i t  of t h e  
e q u a t i o n   t o  the t a b u l a r   v a l u e s .  The r e s u l t s   o f  t h e  c e n t e r - l i n e  and  vortex-curve 
de t e rmina t ions  are p r e s e n t e d   f o r   e f f e c t i v e   v e l o c i t y   r a t i o s   o f   3 ,  4 ,  5,  6 ,   7 ,  8, 
and 10. Also  included are Margason's  curves  for t he  j e t  c e n t e r   l i n e  (ref.  1 4 )  
which were used as a g u i d e   i n   p o s i t i o n i n g  the  rake o f   p robes   fo r  the  p re sen t  
s t u d y .   I n   f i g u r e  1 1 ,  t he  scales o f  the  o r d i n a t e s  are dimensioned so  t h a t  the 
experimental ly   determined j e t  c e n t e r   l i n e s   o r   v o r t e x   c u r v e s   f o r  a l l  e f f e c t i v e  
v e l o c i t y   r a t i o s  each c o l l a p s e   t o  a s ing le   cu rve .  (See eq.  (21.1 This  f i g u r e  
is used t o  compare the  r e s u l t s   o f  the p resen t   s tudy  w i t h  the  r e s u l t s   o f   o t h e r  
experiments.  Agreement among t h e   r e s u l t s   o f  Harms (ref.  2 6 ) ,  Thompson (ref.  151, 
Kamotani and Greber (ref.  161,  and  the  present  experiment are good. These four  
exper iments   represent  a range  of j e t  diameters from s l i g h t l y   o v e r  0.5 cm 
( 0 . 3   i n . )   t o   a b o u t  10 cm ( 4   i n . )  and a v a r i e t y   o f  tes t  condi t ions   and   ve loc i ty  
measuring  apparatus .  

Some a p p r e c i a t i o n   f o r  the informat ion   conta ined   in  t h e  symmetry plane data 
and f o r  t h e  shortcomings  of t he  present   s tudy   can  be i n f e r r e d  from f i g u r e  12. 
Shown i n  t h i s  f i g u r e  are some o f  t h e  measured v e l o c i t i e s   d i s p l a y e d  as v e c t o r s   i n  
t he  plane  of   f low symmetry f o r   e f f e c t i v e   v e l o c i t y   r a t i o s   o f  4 and 8. The veloc- 
i t y  was measured twice a t  each p o i n t ;  whenever the   a r rows   fo r  the  two measure- 
ments are r e s o l v a b l e   i n  the  f igu re ,   t hey  are drawn s e p a r a t e l y .  One o f  t he  first 
t h i n g s   t o   n o t e  from t h i s   f i g u r e  is t h a t   i n  most cases the  velocity  measurements 
are r e p e a t a b l e   t o  a reasonable  degree. V a r i a t i o n s  large enough t o  show up i n  
t h i s   f i g u r e   o c c u r   m a i n l y   f o r   c r o s s   s e c t i o n s   i n   r e g i o n s   o f  large v e l o c i t y  gradi- 
e n t s   n e a r  t h e  j e t  o r i f i c e .  A s  one  approaches the  j e t  o r i f i c e ,  t h e  pressure  and 
v e l o c i t y   g r a d i e n t s  become large enough to   cause  one or more o f  the fo l lowing  d i f -  
f i c u l t i e s :  (1 )  the probe  spacing becomes t o o  large t o   d e f i n e  the  ve loc i ty   p ro-  
f i l e  adequate ly   for   de te rmining   the   cen ter - l ine  or vortex-curve  locat ion a t  a 
c r o s s   s e c t i o n ;  (2)  a p p r e c i a b l e   e r r o r s  are i n t r o d u c e d   i n  t h e  i t e r a t i v e   t e c h n i q u e  
used to   de te rmine  the  c e n t e r   l i n e  and vortex  curve;   and (3) e r r o r s   i n   t h e   v e l o c -  
i t y   d e t e r m i n a t i o n  i tself  are in t roduced   because   o f   s ign i f icant   p ressure   changes  
over   dis tances   comparable  wi th  the physical  dimensions  of  the  probe  head. Some 
evidence  of  t h e  first two d i f f i c u l t i e s  is encountered   for  low v e l o c i t y   r a t i o s  a t  
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c ross   s ec t ions   nea r  x/D = 2 .   In  the region  from x/D = 2 t o  x/D = 12, the  
p r e s s u r e   g r a d i e n t s  are n o t   t o o   s e v e r e   f o r  t he  apparatus   and  techniques  used  in  
the  present   s tudy .  The proper t ies   de te rmining  the  j e t  c e n t e r   l i n e  and  vortex 
curve are apparent :  t he  a x i a l   v e l o c i t y   i n  the j e t  is not iceably  larger than   t he  
crossf low speed, and the change i n   d i r e c t i o n   o f  the v e l o c i t y   v e c t o r s  is d i sce rn i -  
ble i n  the v i c i n i t y   o f  t h e  v o r t e x   c u r v e .   I n   t h i s   r e g i o n ,  the span  of the rake 
is large enough and the  probe  spacing small enough to   adequa te ly   desc r ibe  the 
v e l o c i t y   p r o f i l e   d e t e r m i n i n g  e i ther  curve i f  t h e ' r a k e  is well placed.  For t h e  
region x/D > 12, the a x i a l   v e l o c i t y   o f  the je t  i n  the v i c i n i t y   o f  the je t  ten- 
ter l i n e  has decayed t o   s u c h  a degree t h a t  it is d i f f i c u l t   t o   d e t e r m i n e  t h e  
center- l ine  locat ion.   Al though  the  change  in  the d i r e c t i o n   o f  the  ve loc i ty   due  
t o   t h e   c o n t r a r o t a t i n g   v o r t i c e s  is still  ev iden t ,  t h e  span  of   the rake of   probes 
is not   l a rge  enough to   p rovide   an   adequate   descr ip t ion   of  the v e l o c i t y   p r o f i l e  
l o c a t i n g  the v o r t e x   c u r v e .   I n   a d d i t i o n   t o  the broadening  of   the  veloci ty   pro-  
f i l e  used in   de te rmining  the vortex  curve,  the  i n i t i a l  placement  of the rake of 
probes was not  very  accurate  because  of a lack of p r i o r  knowledge  about the vor- 
t ex   s t ruc tu re .   A l though   t he ,p re sen t   s tudy  attempted t o  detect the vortex  curve 
l o c a t i o n   t o  x/D = 45, t h e  r e s u l t s   i n  t h i s  region are sketchy.  The d i f f i c u l t i e s  
encountered   in  t h i s  region  could  be  corrected by forming larger c r o s s   s e c t i o n s  
by multiple  placement  of t he  rake of  probes.  

Measurements i n   J e t  Cross Sect ions  

The r e su l t s   o f   ve loc i ty   measu remen t s   i n  t he  plane  of  f low symmetry are use- 
f u l   i n   d e t e r m i n i n g  the jet cen te r - l i ne  and   vor tex   curves   which   se rve   to   loca te  
the j e t  plume as a func t ion   of  t h e  e f f e c t i v e   v e l o c i t y   r a t i o .  A more d e t a i l e d  
desc r ip t ion   o f  the f l o w   s t r u c t u r e   o f  a j e t  i n  a c ross f low  r equ i r e s   add i t iona l  
v e l o c i t y  and pressure  measurements  out  of the p1,ane of  flow  symmetry. Table C 3  
presents   veloci ty   and  pressure  measurements   for  45 c ros s   s ec t ions   ove r  a range 
o f   v e l o c i t y   r a t i o s  from 3 t o  IO. 

The resu l t s   o f   ex tens ive   measurements   in  two c ross   s ec t ions   fo r   an  effec- 
t i v e   v e l o c i t y   r a t i o   o f  4.0 and i n  three c r o s s   s e c t i o n s   f o r   a n   e f f e c t i v e   v e l o c i t y  
r a t i o   o f  8.0 are p resen ted   i n   f i gu res   13   t o   17 .  Each f i g u r e   p r e s e n t s  a graphi-  
c a l   d e s c r i p t i o n   o f  t he  f l o w   f i e l d  a t  a g i v e n   c r o s s   s e c t i o n   i n   f o u r  parts: 
(a)  con tour s   o f   cons t an t   t o t a l   p re s su re ,  ( b )  contours   o f   cons tan t   ve loc i ty  com- 
ponent   perpendicular   to  the cross   sect ion  superimposed wi th  a vec tor   p lo t   o f  the 
pro jec t ions   o f   measured   ve loc i t ies   on to  the c r o s s   s e c t i o n ,  ( c )  contours  of  con- 
s t a n t   v o r t i c i t y ,  and ( d )  contours   of   constant  s ta t ic  p res su re .  This  series of  
f i g u r e s   r e p r e s e n t s  the  r e s u l t s  0-f measurements i n  the f i v e   l a r g e s t   c r o s s  sec- 
t ions   o f  the p resen t   s tudy .  These c r o s s   s e c t i o n s  were obtained by mul t ip l e  
sweeps ( i n  lateral d i r e c t i o n )  with the rake of  seven  yaw-pitch  probes. Each 
c r o s s   s e c t i o n   i n   f i g u r e s  I 3  t o  17 is loca ted  by spec i fy ing  the locat ion  of   one 
point  of  measurement i n  the  plane y = 0 and the  a n g l e   o f   i n c l i n a t i o n  of the 
c r o s s   s e c t i o n .  The re ference   po in t   chosen  is t h e  loca t ion   o f  the center   p robe  
of the rake f o r  the lowest sweep of  the  cross   sect ion.   Al though most  measure- 
ments were made i n  the ha l f -p lane  y 2 0 ,  some measurements were made f o r  y < 0 
t o   v e r i f y  that  y = 0 is a plane  of   mirror  symmetry f o r  the  flow.  Figure 12 
provides  a v i s u a l   i n d i c a t i o n   o f  the loca t ions   o f  these mul t ip l e  sweep c r o s s  sec- 
t ions .   Inc luded  are c r o s s   s e c t i o n s   r e l a t i v e l y   n e a r  the j e t  o r i f i c e  where g rad i -  
e n t s  are large, and  one c r o s s   s e c t i o n   s u f f i c i e n t l y  far downstream that the  jet  



cen te r - l i ne  speed has decayed to such a degree t ha t  l o c a t i n g  the  j e t  c e n t e r   l i n e  
would be d i f f i c u l t .  

Since many of the p rope r t i e s   o f  the je t  appear t o  be func t ions   o f  arc l eng th  
along the j e t  c e n t e r   l i n e  or vortex  curve,  it is conven ien t   t o   l oca t e  each c r o s s  
s e c t i o n  by its i n t e r s e c t i o n  wi th  one of  these curves.  The following table provides  
t h i s  information:  

Figure 
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14 
15 
16 
17 

" 

30 
20 

Reference 
l o c a t i o n  

T F p  ". . 

4.16 
3.88  9.22 
2.03 

11.98 15.18 
5.31 10.00 
4.81 7.60 

. -  ~. - . 

I n t e r s e c t i o n  
wi th  c e n t e r  

l i n e  
~ 

x /D 

2.61 
8.41 
3.40 
6.18 
13.76 
" . 

z /D 

4.72 
6.93 
9.74 
11.96 
15.96 

5.7 
12.1 
10.7 
14.2 
22.8 

I n t e r s e c t i o n  
wi th  vor tex  

curve 

x/D 1 z / D  I sv/D 

3.59 2.96 

13.1  9.12  8.34 
9.6  7.60 5.20 
10.6 4.43  9.07 
4.9 

". 

5.20 11.91120.5 . -  

w u c o  

1.62 
1.16 
1.96 
1.47 
1.31 

Each of the p h y s i c a l   q u a n t i t i e s   p r e s e n t e d   i n  t h i s  series of   f igures   pro-  
v ides  a partial desc r ip t ion   o f  t he  s t r u c t u r e   o f  a j e t   i n  a crossf low.  It is  
u s e f u l   t o   d i s c u s s  the  type   o f   in format ion   to  be gained  from  each  quantity.  

The t o t a l - p r e s s u r e   c o e f f i c i e n t  is the  eas i e s t   f l ow parameter t o  measure 
and the desc r ip t ion   o f  the j e t  deve loping   in to  a characteristic kidney shape 
is based on t h e  shape o f   c o n t o u r s   o f   c o n s t a n t   t o t a l   p r e s s u r e   i n  t he  neighbor- 
hood of the j e t  c e n t e r   l i n e .  (See refs. 12 and 13.) These contours   can  serve 
t o   l o c a t e  the j e t  c e n t e r   l i n e  (h ighes t  value)   and the  wake reg ion   (nega t ive  
v a l u e s ) .  The region  unaffected by v iscous  effects of the  j e t  would be charac- 
t e r i z e d  by a cons tan t   zero   va lue   o f  t h e  t o t a l - p r e s s u r e   c o e f f i c i e n t .   I n  t h i s  
region a po ten t i a l   f l ow model f o r  t he  far-field e f f e c t s   o f  the  je t  would be 
app l i cab le .  

Measuring the  three-dimensional   veloci ty  f i e l d  i n  a c r o s s   s e c t i o n  is con- 
s ide rab ly  more d i f f i c u l t   t h a n   m e a s u r i n g  t h e  t o t a l   p r e s s u r e .  The a t t e m p t   t o  d i s -  
play the v e l o c i t y  f i e l d  f o r   s e v e r a l   c r o s s   s e c t i o n s   r e p r e s e n t s  a major   e f for t   o f  
t he  p resen t   i nves t iga t ion .  The v e l o c i t y  component p e r p e n d i c u l a r   t o  a c ros s   s ec -  
t i o n  is presented as contours   of  the d imens ion le s s   ve loc i ty  U B / U ~ ,  where Uq 
is t h e  j e t  cen te r - l i ne  speed f o r  t h a t  c r o s s   s e c t i o n .  (See table 3.) These  con- 
tours   can be used to   de t e rmine  the j e t  c e n t e r - l i n e   l o c a t i o n ,  and t h e i r   s h a p e   i n  
t he  neighborhQod  of the j e t  c e n t e r   l i n e   a l s o   e x h i b i t s  the c h a r a c t e r i s t i c   k i d n e y  
shape a t t r i b u t e d   t o  a j e t  i n  a crossflow. The component of the  free-stream 
ve loc i ty   pe rpend icu la r   t o  t he  c r o s s   s e c t i o n  is represented  by the  contour 
(UJUq)  cos 'pg and  can be used   t o   i den t i fy  the  region where t h e  j e t  has neg- 
l i g i b l e   e f f e c t  on t h i s  component of   the   ve loc i ty .   Values   o f  t h i s  q u a n t i t y   f o r  
the  l a r g e   c r o s s   s e c t i o n s   a r e  

I Figure 14 13 

I (UJUq)  cos  (& I 0.52 I 0.83 

15 

0.38 

16 

0.59 
I l 7  1 0.85 
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Projec t ions   o f  the  v e l o c i t y   o n t o  the  c ros s   s ec t ion   fo r   each   po in t   o f  mea- 
surement  are  presented as arrows. The ar row  p lo ts  show v e r y   c l e a r l y  t h a t  t h e  
v o r t i c i t y  is a s i g n i f i c a n t  feature of the flow;  one t h a t  is not  evident  from 
total-pressure  measurements and consequently was overlooked or i g n o r e d   i n  many 
early s t u d i e s   o f  a j e t  i n  a crossf low.  The presence  of  an "upwash" along the  
l i n e  y = 0, which s e r v e s   t o   l o c a t e  the i n t e r s e c t i o n   o f  t he  vortex  curve  with 
each   c ross   sec t ion ,  is a l so   appa ren t .  

The r o l e   o f   v o r t i c i t y   i n   d e s c r i b i n g  t h e  s t ruc tu re   o f  a j e t  i n  a crossf low 
is clarified by c a l c u l a t i n g  the component o f   v o r t i c i t y   p e r p e n d i c u l a r   t o  a c r o s s  
s e c t i o n  and d i sp lay ing  t h i s  in format ion  as con tour s   o f   cons t an t   vo r t i c i ty .   In  
these   f i gu res  the v o r t i c i t y  is nondimensionalized by the  maximum value  encoun- 
tered i n  each   c ross   sec t ion .   In  terms of the v o r t i c i t y   c o n t o u r   p l o t s ,  t h e  
r e g i o n   o f   i n t e r e s t  is s h i f t e d  from the  neighborhood  of the c e n t e r   l i n e   t o  the  
region  near  the vortex  curve.  The shape of t h e  j e t  i n  a crossf low as charac- 
t e r i z e d   i n  t h i s  manner is simply a pair  o f   c o n t r a r o t a t i n g   v o r t i c e s  which a r e  
rather d i f f u s e   i n   n a t u r e .  

The measurements  of s ta t ic  p res su re  are presented as contours   of   constant  
s t a t i c - p r e s s u r e   c o e f f i c i e n t .  These contours   provide still  a d i f f e r e n t   r e p r e s e n -  
t a t i o n   o f  the s t ruc tu re   o f  a j e t   i n  a crossf low.  

Some s p e c i f i c   o b s e r v a t i o n s  on t h e  s t r u c t u r e   o f  a j e t   i n  a crossflow  can be 
made from the in fo rma t ion   p re sen ted   i n   f i gu res  13 t o  17. The decay  and  diffu- 
s ion   of  t he  v a r i o u s   p r o p e r t i e s  from  one c r o s s   s e c t i o n   t o   a n o t h e r   f o r  a given 
v e l o c i t y   r a t i o  are apparent .   Tota l   p ressure ,  s ta t ic  p res su re ,  and  normal  veloc- 
i t y  component a l l  decay much more r a p i d l y   t h a n   t h e   v o r t i c i t y .  A t  t he  l o c a t i o n  
of the  c r o s s   s e c t i o n   p r e s e n t e d   i n   f i g u r e .   1 7 ,   t h e r e  is l i t t l e  e f f e c t   o t h e r   t h a n  
t h a t  produced by the  pair  o f   d i f f u s e   v o r t i c e s .  

With t h e  except ion  of   f igure  17,  there is a well-defined wake region as 
evidenced by nega t ive   to ta l -pressure   coef f i f . , en ts .  For b o t h   v e l o c i t y   r a t i o s  
t h i s  region  extends  toward the f l a t  p l a t e  as far as measurements were taken. 
The la teral  ex ten t   o f  t he  wake reg ion   appea r s   t o  be about two j e t  diameters t o  
e i t h e r  side of the  symmetry p l a n e   f o r   a n   e f f e c t i v e   v e l o c i t y   r a t i o   o f  4 and some- 
what less f o r  a v e l o c i t y   r a t i o   o f  8. The wake r e g i o n s   i n   f i g u r e s  13 and 15 are 
cha rac t e r i zed  by a small region  of  retarded  flow  between the i n t e r s e c t i o n s   o f  
t h e  c e n t e r   l i n e  and  vortex  curve wi th  the c r o s s   s e c t i o n .   F o r   f i g u r e  13 (R = 41, 
the  f l u i d   s p e e d   i n  t h i s  region is about  one-half the free-stream speed and f o r  
f i g u r e  15 (R = 8), it is approximate ly   equal   to  the free-stream speed. Th i s  
could be the remnant  of a dead a i r  or backflow  region  caused by sepa ra t ion   o f  
t h e  flow  around the j e t  boundary  near the f l a t  p l a t e .  

The presence  of a p a i r   o f   c o n t r a r o t a t i n g   v o r t i c e s  is evident  from the arrow 
p l o t s  and v o r t i c i t y   c o n t o u r s   f o r  a l l  f i v e   c r o s s   s e c t i o n s .   F i g u r e  17 shows that  
these v o r t i c e s  are the most p e r s i s t e n t   f e a t u r e   o f  a je t  i n  a crossf low.  They 
are c l e a r l y   i n   e v i d e n c e   i n  that  f igure  whereas  the other   propert ies   have  decayed 
t o  a degree that it is d i f f i c u l t  t o  detect the i r  dev ia t ion  from free-stream val -  
ues.  The v o r t i c e s  are s t r o n g e r   f o r   a n   e f f e c t i v e   v e l o c i t y   r a t i o   o f  8 than   fo r  
a v e l o c i t y   r a t i o   o f   4 ,  as i n d i c a t e d  by comparing  f igures  14 and  16.   In  f ig- 
ures 15,  16,  and  17, there is evidence  of  an a x i a l  flow i n  t h e  core of  each 
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vor tex  which decays less rap id ly   t han  t h e  cen te r - l i ne  speed. T h i s  a x i a l   s p e e d  
i n  the vor tex   core   ac tua l ly   exceeds  the cen te r - l i ne  speed i n   f i g u r e s  16 and  17. 
The vor tex   core  is a l s o   c h a r a c t e r i z e d  by n e g a t i v e   s t a t i c - p r e s s u r e   c o e f f i c i e n t s  
i n  a l l  three c r o s s   s e c t i o n s   f o r  R = 8 .   F o r   a n   e f f e c t i v e   v e l o c i t y   r a t i o   o f  4 ,  
the v o r t i c e s  are apparent ly   no t  as well developed. There is no evidence of  
axial flow i n  the v o r t e x   c o r e   f o r  ei ther c r o s s   s e c t i o n  (figs.  l3(b)  and 1 4 ( b ) ) .  
The negat ive  s ta t ic  p res su re   a s soc ia t ed  wi th  the vor tex   core  is a p p a r e n t   i n  fig- 
ure 13 bu t   no t   i n   f i gu re   14 .  The s t r e n g t h s   o f  the v o r t i c e s  a t  each  cross  sec- 
t ion   can  be estimated by c a l c u l a t i n g  the f lux   o f   vo r t i c i ty   t h rough  the ha l f -  
plane y 2 0. This c a l c u l a t i o n   y i e l d s  the  fo l lowing   r e su l t s :  

Such a direct  c a l c u l a t i o n  from  measured v e l o c i t i e s  has the  disadvantage that  the  
e x t e n t  of measurements may not  be l a r g e  enough t o   a c c o u n t   f o r  a l l  t he  v o r t i c i t y .  
With the  except ion   of   f igure  17, these c r o s s   s e c t i o n s   a p p e a r   t o  be l a r g e  enough 
to   accoun t   fo r   a lmos t  a l l  t h e   v o r t i c i t y .  The direct  c a l c u l a t i o n s   i n d i c a t e  t ha t  
t he  vo r t ex   s t r eng th  is a func t ion   no t   on ly   o f   e f f ec t ive   ve loc i ty   r a t io ,  b u t  a l s o  
o f   c ros s - sec t ion   l oca t ion .  

Although the in fo rma t ion   p re sen ted   i n   f i gu res  13 t o  17 provides  some 
i n s i g h t   i n t o  t h e  na ture   o f   the   f low  for  a j e t  i n  a crossf low,  t h e  f i g u r e s  f a l l  
far shor t   o f   p rovid ing  a u s a b l e   q u a n t i t a t i v e   d e s c r i p t i o n   o f  the  f low  for  a range 
o f   e f f e c t i v e   v e l o c i t y   r a t i o s .  These f igu res   do   s e rve ,   however ,   t o   i den t i fy  the 
d i s t r i b u t i o n  of v o r t i c i t y  as both the  simplest and  most p e r s i s t e n t   f e a t u r e   o f  a 
j e t  i n  a crossf low.  

Measurements i n  Vertical Sec t ions  

In   an  attempt to   l earn   someth ing   about  the wake r eg ion   ve loc i ty  and  pres- 
sure   dis t r ibut ion,   measurements  were made i n  a few v e r t i c a l   s e c t i o n s   f o r  effec- 
t i v e   v e l o c i t y   r a t i o s   o f  4 and 8. The rake of   probes was pos i t ioned  s o  t h a t  t h e  
lowest probe was 0.25D above the  f la t  p l a t e .   I n   p a r t i c u l a r ,   e v i d e n c e  was being 
sough t   fo r  a p a i r   o f   r e l a t i v e l y  weak v o r t i c e s  t h a t  extend  downstream  from t h e  
jet  o r i f i c e  and r ema in   qu i t e   c lo se   t o  the plate. (See ref. 34.)  Measurements 
were made i n  t he  v e r t i c a l   s e c t i o n s  x/D = 4,  6,   and 8 f o r   b o t h   v e l o c i t y   r a t i o s  
and a t  x/D = 12 f o r   a n   e f f e c t i v e   v e l o c i t y   r a t i o   o f  8. The measured v e l o c i t i e s  
and p res su res  are presented   in   appendix  C. (See table C3.) 

Figures  18 and 19 present  the  resu l t s   o f   measurements   in  the  v e r t i c a l  sec- 
t i o n  x/D = 4 f o r   e f f e c t i v e   v e l o c i t y   r a t i o s   o f  4 and 8. The information is 
presented as contour  and  arrow  plots as described i n  the previous   sec t ion  with 
the  except ion that t h e   v o r t i c i t y  and C c o n t o u r   p l o t s  are omitted  due t o  their  
lack of information.  The proximity of !he je t  plume t o  the f la t  p l a t e   f o r  
R = 4 a p p e a r s   t o   c a u s e   s i g n i f i c a n t   q u a l i t a t i v e   d i f f e r e n c e s   i n  t h e  wake reg ion  
i n  comparison wi th  the wake region for R = 8.  For R = 4 ,  the  vortex  curve 
i n t e r s e c t s  the v e r t i c a l   s e c t i o n  a t  z/D = 3.1 (zB/D = 1.3) as shown i n  f ig- 
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ure  18. For R = 8, however ,   the   vortex  curve  intersects  the  v e r t i c a l   s e c t i o n  
a t  z/D = 6.6 which is considerably  above the  region  of  measurement shown i n  
f igure   19 .  

The wake reg ion ,  as evidenced by n e g a t i v e   t o t a l - p r e s s u r e   c o e f f i c i e n t s ,  
e x t e n d s   t o  the f la t  p l a t e  as shown i n  the ( a )  par ts   of   f igures   18  and  19.   In  
the  v i c i n i t y   o f  t h e  symmetry p lane ,  t h e  wake region for  a n   e f f e c t i v e   v e l o c i t y  
r a t i o  of 4 is cha rac t e r i zed  by more negat ive   va lues   o f  t he  to t a l -p re s su re   coe f -  
f i c i e n t   t h a n   f o r  a v e l o c i t y   r a t i o   o f   8 .  For R = 4 ,  t h e  contours   o f   cons tan t  
t o t a l   p r e s s u r e  are approx ima te ly   ve r t i ca l  from  about 0.5D above the p l a t e   t o  
t he  reg ion   in f luenced  by the  vo r t ex   pa i r .  This  r e s u l t   i m p l i e s  a very small 
v e r t i c a l   g r a d i e n t   o f   t o t a l   p r e s s u r e   i n  t h i s  region.  The wake appears   to   spread  
l a t e r a l l y   i n  t he  region  immediately  above the  p l a t e  as evidenced by the outward 
curve   o f   to ta l -pressure   contours  as they  approach the  p l a t e .  For R = 8,  there 
are n o t i c e a b l e   v e r t i c a l   g r a d i e n t s  of t he  t o t a l   p r e s s u r e .  A spreading  of  t h e  
wake near the  p l a t e  similar t o  that f o r  R = 4 is observed,   but  the  t o t a l   p r e s -  
s u r e   c o n t i n u e s   t o   i n c r e a s e  wi th  i n c r e a s i n g   v e r t i c a l   d i s t a n c e   t h r o u g h o u t   t h e  
region  of  measurement. This  condi t ion  can be cha rac t e r i zed  as a pinching  of  
t he  wake region  between the  f la t  plate  and the vortex  system. 

The veloci ty   induced by the   con t r a ro t a t ing   vo r t ex  pair is s e e n   c l e a r l y  
from the  a r r o w   p l o t s   i n  t he  ( b )  parts of   f igures   18  and  19.   Calculat ion  of  t he  
x-component of the v o r t i c i t y  from the measured v e l o c i t i e s   i n d i c a t e s  no s i g n i f i -  
c a n t   v o r t i c i t y   o t h e r   t h a n  t h a t  due t o  t h e  vor tex  p a i r  near  t he  top   of  f ig- 
ure   18(b)  for R = 4 .  For R = 8 ,  the r e g i o n   o f   s i g n i f i c a n t   v o r t i c i t y  l i e s  a 
few j e t  diameters above t h e  region  of  measurement. The bottom row of  arrows 
for   each  f igure,   however ,  suggests the  p o s s i b i l i t y   o f  a very weak and  very small 
vor tex  system near  t he  symmetry p lane   (y  = 0 )  and  within D / 4  o f   t he  f l a t  p l a t e .  
It is impor tan t   to   no te  that  i n   n e i t h e r   f i g u r e   d o e s  the region  of  measurable 
v o r t i c i t y   e x t e n d   t o  t he  immedia te   v ic in i ty   o f  t h e  f la t  p la te .   For  t he  purposes 
o f   ca l cu la t ing  t h e  f l a t - p l a t e   p r e s s u r e   d i s t r i b u t i o n ,  it should ,   therefore ,  be 
p o s s i b l e   t o   a c c o u n t   f o r  t he  effect of t h e  d i f f u s e   v o r t e x   p a i r  by t r e a t i n g  them 
as vor t ex   f i l amen t s .  

The measu remen t s   f rom  o the r   ve r t i ca l   s ec t ions   i n  t h e  wake reg ion  are qua l i -  
t a t i v e l y  similar to   t hose   p re sen ted   i n   f i gu res  18 and  19. As one  would expec t ,  
there is a g r a d u a l   r e c o v e r y   i n   t o t a l   p r e s s u r e  and i n   t h e  x-component of t h e  
v e l o c i t y ,   b u t  t h e  d e f i c i t   i n  each remains  measurable. 

SUMMARY OF RESULTS 

The purpose  of the  p resen t   i nves t iga t ion  is t o  make a v a i l a b l e  a detailed 
desc r ip t ion   o f  t he  flow f i e ld  induced by a j e t  i n  a crossf low  and   to   p rovide  a 
q u a n t i t a t i v e   d e s c r i p t i o n   o f  the  vortex  system which forms a prominent  and per- 
s i s t e n t   f e a t u r e   o f  t h e  flow f i e ld .  To accomplish t h i s ,  velocity  measurements 
were made i n  numerous c r o s s   s e c t i o n s   f o r  a r a n g e   o f   v e l o c i t y   r a t i o s .  From these 
measurements the s impl i fy ing   f ea tu re s   o f  the v o r t i c i t y   d i s t r i b u t i o n  were noted 
and  modeled. The i n f e r r e d   v o r t e x   p r o p e r t i e s  are p r e s e n t e d   i n  a paper by the  
au tho r s  (AIAA J . ,  v o l .  12, no.  12,  1974). By us ing  these models, t h e  d i s t r i b u -  
t i o n   o f   v o r t i c i t y   c o u l d  b e  de te rmined   in  a g iven   c ros s   s ec t ion  by a r e l a t i v e l y  

17 



small number of velocity  measurements.  The s p e c i f i c   r e s u l t s   o f  the p resen t  
s tudy are: 

1.  The jet cen te r - l i ne   l oca t ion  and the decay  of  the j e t  center - l ine   speed  
are de termined   for  a r a n g e   o f   v e l o c i t y   r a t i o s   f r o m  3 t o  I O .  These are well- 
e s t a b l i s h e d   p r o p e r t i e s   o f  a j e t  i n  a crossflow  and  the  agreement  between the  
r e s u l t s   o f   t h e   p r e s e n t   s t u d y  and  those  of   other   experiments  is s a t i s f a c t o r y .  

2. An a l t e r n a t e  means o f   l o c a t i n g  t h e  jet  plume, called the   vo r t ex   cu rve ,  
is p resen ted .   Th i s   cu rve   l oca t e s  t he  t r a j e c t o r y  of t h e  v o r t e x   p a i r   a s s o c i a t e d  
wi th   the  j e t ,  and it is experimental ly  detectable farther downstream  than t h e  
j e t  c e n t e r   l i n e .  The vor tex   curve  l i es  between the  c e n t e r   l i n e  and the f l a t  
p l a t e .  

3 .  Measured va lues  of t o t a l   p r e s s u r e ,  s ta t ic  p res su re ,   and   ve loc i ty  are 
presented   for  188 je t  c ros s   s ec t ions   ove r  a r a n g e   o f   v e l o c i t y   r a t i o s  from 3 t o  
10  and  from 2 t o  45 j e t  diameters downstream o f  t h e  j e t  o r i f i c e .  Vertical sec- 
t i ons   nea r  the f la t  p l a t e  are presented a t  an   add i t iona l   s even   l oca t ions  for 
v e l o c i t y   r a t i o s   o f  4 and 8. 

4.  Extensive  measurements i n  two c r o s s   s e c t i o n s   f o r  a v e l o c i t y   r a t i o   o f  4 
and i n   t h r e e   c r o s s   s e c t i o n s   f o r  a v e l o c i t y   r a t i o   o f  8 i l l u s t r a t e   c l e a r l y  t h e  
presence  of a p a i r   o f   d i f f u s e   c o n t r a r o t a t i n g   v o r t i c e s  which decrease i n   s t r e n g t h  
wi th   i nc reas ing   d i s t ance  from the je t  o r i f i c e .  A t  a given  downstream  location 
the  s t r e n g t h  of one  of t he  v o r t i c e s   f o r  a v e l o c i t y   r a t i o   o f  8 is f o u r   t o   f i v e  
times as s t rong  as f o r  a v e l o c i t y   r a t i o   o f  4. There is a measurable  low s ta t ic  
p r e s s u r e   i n  t he  co res   o f  the  v o r t i c e s   f o r  a v e l o c i t y   r a t i o   o f  8 and a l s o   a n  
axial flow i n   t h e   v o r t e x   c o r e  which exceeds t h a t  of  the  r eg ion   ou t s ide  the  core .  

Langley Research Center 
National  Aeronautics  and  Space  Administration 
Hampton, VA 23665 
November 9 ,  1977 
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TABLE 1.- SOME RECENT EXPERIMENTS WITH MEASUREMENTS 

~. ~ 

I n v e s t i g a t o r s  

Kamotani  and 
Greber, 1971 
( refs .  16 
and 17Ia 

Thompson, 1 97 1 
( ref .  15) 

Harms, 1973 
( re f .  26)a  

Present  study 

Jet 
jiameters, 

cm 

0.64 

2.54 

5.0 

I O .  16 

I N  JET  CROSS SECTIONS 

Tunne 1 
tes t - sec t ion  

s i z e ,  
D 

112  x  112 

48 x  60 

60  x 60 

44 x  65 

Effec t ive  
v e l o c i t y  
r a t i o s  

4 
6 
8 

2 
4 
8 

8 

3 
4 
6 
8 

10 

Number 
I f  c ros s  
sec t ions  

2 
3 
3 

5 
5 
4 

2 

3 
13 
6 
9 
3 

aHot j e t s  s t u d i e d   a l s o   b u t  are n o t  reflected i n   t h i s  

Approximate 
number o f  

v e l o c i t y  and 
p res su re  

je te rmina t ionz  

100 
150 
150 

650 
800 
700 

500 

119 
700 
21 7 

1358 
126 

t ;able. 

Typical 
g r i d  
s i z e ,  
D 

1 x 1  

1 1  - x  - 
2 2  

.- x 1 1 
2 

1 1  - x -  
2 2  
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"09 
m/sec 

TABLE 2 .- SUMMARY OF TEST  CONDITIONS FOR PRESENT  STUDY 

Symmetry p lane  
c r o s s   s e c t i o n s  

Number Measurements 

Extended  cross 
s e c t i o n s  

Number Measurements I ~~ 

3 
3 
4 
4 
4 
5 
6 
6 
6 
7 
8 
8 
8 

10 
10 

34 
53 
25 
39 
62 
50 
26 
42 
51 
44 
19 
31 
39 
25 
31 

1.33 
.50 
.32 
.48 
.76 
.76 
-48  
.75 
.93 
.93 - 47 
.75 
.93 
.75 
.93 

4 
15 
3 

22 
3 
9 
3 

19 
4 
8 
3 
7 

24 
4 

13 

Second test  

Vertical s e c t i o n s  

Number Measurements 

~ 

28 
105 
21 

154 
21 
56 
21 

133 
28 
56 
21 
49 

168 
28 
91 

~~ 

F i r s t  t es t  

0 
3 
0 
8 
0 
0 
0 
6 
0 
0 
1 
0 
6 
2 
3 

0 
119 

0 
287 

0 
0 
0 

217 
0 
0 

49 
0 

41  3 
126 
126 



Iu TABLE 3.- JET CENTER-LINE DETERMINATION 
J= 

\Rake loca t ion  I Jet c e n t e r   l i n e  
- 1 Rake location- I J e t  c e n t e r   l i n e  ~ 1 

R = 3  q 
5.96 

53 
53 
53 
53 

R = 4  q 21.5 

21.2 

,b4.  1 
4.2 
b4.0 

4.1 
b4.0 

4.2 

4.25 
4.25 
4.63 
5 .OO 
5.81 
5.74 

28 .O 
33.0 
31.8 
20 .o 
21.3 
17.0 

38 

5.82 38 
5.20 39 
3.88 39 
2.66 39 
2.00 38 
1.97 6.75 

6.78 
8.00 
8.25 
8.60 
8.75 

14.0 
11 .o 
12.0 
10.5 
10.0 
10.2 

12.05 
14.00 
15.78 
18.01 1.26 

R = 5  

R = 6  

6.50 

53 b6.1 1.20 20.6 10.72 9.88 18.0 11.50 
1.26 23.2  10.09 7.90 20.0 10.49 

42 b6.1 1.38 27.4 9.09 6.06 24.0 9.00 
42 6.0 1.53 35.1  7.82 3.74 28.0 7.50 
42 6.0 2.13 46.0 6.26 2.08 38.0 

7 I I 1 1 1 1 

11.93 
14.02 
18.08 

11.50 
11.50 
13.50 

17.0 

11.77 18.51 14.0 
12.09 13.86 15.0 
11.40 11.96 18.0 

1.04 13.9 
1.08 16.5 
1.12 

6.1 41 6.10 
6.0 42 
6.1 42 9.63 

See  footnotes a t  end o f   t a b l e ,  p .  25. 



TABLE 3.-  Concluded 

I Rake loca t ion   J e t  c e n ~ [ ~ ~ I  Rake loca t ion  I J e t   c en te r   l i ne  
___- 

'PB 9 

deg 
z/D x/D 

7.01 44 I 1 .95 ;  7.00142.0 1 1.91 
7..0  44 5.95 10.00 27.0  5.68 

7.04 
10.53 

1.16 
1.10 

51.6 
13.84 17.5  13.95  13.88 45 7.0 1.40 31.5 
9.88 20.0 12.48 9.92 45 7.0 2.40 

R = 8  

12.59 
18.8 14.03 
23.0 

- 
54.9 
59 .O 
21 .o 

59.9 
59.8 
55.1 
55.1 
44.2 

1.78 
1.53 
1.47 
1.33 
1.22 
1.20 
1.11 
1.10 , 

b8 .O 
b8 .O 
b8 .O 

b8.1 
b8 .O 
b8.1 
8.0 

b8.0 

7.87 
7.25 

15.65 

7.33 
7.31 
8.06 
8.09 
9.74 

8.0 
8.1 

b8 .O 
8.1 
8.0 
8.1 
8.0 

b8.0 

38 
38 
39 
39 
39 
39 
39 
39 

1.80 
2.00 

14 .OO 

2.03 
2.00 
2.00 
2.00 
3.69 

3.64 
5.65 
6.18 
7.39 
9.69 

11.68 
13.76 
17.85 

2.72 
2.81 
1.13 

2.98 
2.91 
2.63 
2.65 
1.96 

7.95 
6.75 

15.30 

6.75 
6.75 
8 .OO 
8.00 
9.41 

52 .O 
44.7 
20 .o 

45 .O 
44.7 
51.9 
52.2 
41.9 

1.91 
1.51 

13.87 

1.45 
1.44 
1.92 
1.89 
3.40 

3.79 
6.05 
6.53 
7.69 
9.96 

11.98 
14.00 
18.14 

L 

R = 10 

9.62 

17.50 14.03 32 10.0 2.27  49.2 12.00 
16.50 12.11 31 b l O . O  3.21 60.9  9.62 
15.47 10.16 31 10.0 
14.50 7.99 31 10.0 1.23 25.4 17.93 
13.50 6.06 31 10.0 3.18 60.9 '10 .o 

'10.1 
9.50 

17.50 
57.4 

13.83 25.0 
1.82 25 

14.03 ' 25 
2.00 

10.01 31 1 2.00 1 9.50157.4 1 1.82 10.0 31 4.00  11.48 41 .O 3.54 

acalculated from equation ( 2 )  f o r  j e t   cen te r   l i ne .  
bNot used t o  determine  parameters i n  equation ( 2 )  fo r  j e t   cen te r   l i ne .  



TABLE 4.-  VORTEX-CURVE DETERMINATION 

Rake l o c a t i o n  Vortex  curve Rake l o c a t i o n  Vortex  curve 
R u,, R u,, 

m/sec qv, s/D z/D x/D YB, z/D x/D d s e c  ‘pv, s/D z/D x/D YB,  z/D x/D 
de€! de13 de€! deg 

I I  lII(a>UIip II-1”- I I  1 0 1 ,  
R = 3  

3.2 
26.5 

11.2 

R = 4  

I- 
b3.2 
b3 .2 
b3 .2  
b3 .2 

3.2 
3.2 
3.2 

- 
2 .oo 
3.00 
3.00 
4.50 

3 .oo 
3.48 
3.75 
4.00 
4.50 
5 .OO 
6 . O O  

- 

3.05 
3.09 
3.24 
3.63 

4.23 
4.96 

3.88 

- 

9.2 1 
9.2 
8.1 
6.9 
6.3 
5.3 
4.3 

34 
34 
34 
34 

51 
52 
53 

8 .OO 
8 .OO 
9.48 

12.00 
14.00 
18.00 
25.00 

8.95 
9.05 

10.55 
13.07 
15.12 
19.14 
26.26 

22 .o 
12.9 
13.0 
8.0 

2.90 
7.02 
8.95 

15.14 

2.90 
4.95 
7.01 

2 .oo 
6.00 
8 .OO 

14 .OO 

2 .oo 
4 .OO 
6 . O O  

53 
53 
53 
53 
53 
53 
52 

2.00 
2.50 
3.00 

22 .o 
16.0 
12.9 6.07  r2.69 

” 

x 31.8 b4.0 
l- 

” 

2.03 
6.00 

14 .OO 

9.22 
14.00 
18.00 
35 . O O  

9.07 
14.18 
18.15 
35.18 

2.20 
6.06 

14.18 

4.43 
5.05 
5.67 
6.84 

b4.  1 
b4.2 
b4.2 

3.35 
7.61 

15.83 

39 
40 
39 
39 

28 .O 
17.0 
10.5 

10.59 
15.80 
19.82 
36.92 

25 
25 
26 

2.50 
4.00 
6 .OO 

2.13 

5.02 14.18 
3.74 6.08 
2.30 10.2 

7.4 
6.3 
4.0 

31.8 
13.6 
7.4 

- 

7.4 4 . 1  
b4.1 

31.8 
18.6 b4.1 
13.6 b4.1 

10.1 
1 1 . 1  b 4 . l  

4 .1  
4.1 
4.2 
4.1 
4.2 

38 
39 
38 
40 
40 

28 .O 
20 .o 
17 .O 
14.0 
13 .O 

2.03 
4 .OO 
6 .OO 
8 .OO 
9.10 

2.50 
3.25 
4.00 
4.50 
4.75 

2.11 

10.76 4.52 9.15 
9.58 4.14 8.09 
7.59 3.85 6.05 
5.45 3.09 4.06 
3.36  2.35 

62 
62 
65 

2.03 
6 . O O  

14.00 

2.18 
3.79 
5.05 

3.33 
7.55 

15.75 

See  footnotes  a t  end o f   t a b l e ,  p .  28. 



TABLE 4 .- Continued 

,- i 

Rake loca t ion  Rake location  Vortex  curve Vortex  curve 
R "09 urn, 

m/sec (pv, s/D z/D  x/D 'pg, z/D x/D m/sec 'pv, s/D z/D x/D 'pg, z/D x/D 
deg 

(a> ( a >  
deg deg deg 

R = 5  

5.0 

17.5 8.21  4.80 6.07 20.0 5.00 6.00 49 5.1 
9.5 16.43 6.52 14.11 13.0 7.00 14.00 51 5.1 40.6 3.79 2.81 2.17 33.0 3.00 2.05 49 5.1 
12.4 11.98 5.74  9.74 15.0 5.98 9.68 51  5.1 41.2 3.75 2.88 2.07 32.6 2.99 2.00 50 

R = 6  
~","-,"-.-I."," 

,-/----- 

! 

2.00 3.50  38.0 2.01 
6.00 6.00'24.0  6.01 
14.00  8.50  15.0  il4.01 

2.00 3.50  38.0 2.02 
4.00  5.00  28.0  4.03 
6.00  6.00  24.0  6.01 
8.00  7.00 20.0 8.18 
9.48 8.00 18.0  9.74 
12.00 8.50  17.0 12.20 

3.49 
5.97 
8.46 

3.48 
4.95 
5.98 
6.51 
7.19 
7.85 

4.23  47.3 
"='21.7 U . Y J  

17.27 

4.22 
6.71 
8.92 

11 .I4 
12.82 
15.37 

12.2 

47.3 
28.9 
21.7 
17.7 
15.6 
13.4 

6.0  43  '14.00  8.50/15.0 
6.1 42 18.00 10.00 
6.0 42 ,25.02 11.00 
b6.1  42 '35.00 
b6.0  42 

45.00 b6.0 i 42 
35.00 

b6.1 1 51 1 E?:: 
b6.1  51 
b6.1 53 14.00 J 

R = 7  

13.00 
13.00 
14.75 

3.50 
6 .OO 
8.50 

14.0 
10.0 
9.3 
9.5 
8.1 

38 .O 
24.0 
15.0 

4.04 

26.8 9.70 7.20 
17.5 10.45 14.00 45 7.0 55.2 4.65 3.96 
20.0 8.98  9.88 45 7.0 55.2 4.68 

14.10  8.12  17.28 12.2 
18.24  9.06  21.54 10.2 
25.18  10.09  28.54 8.2 

35.26  11.43 38.74 6.6 
45.05 14.39 5.6 48.80 

2.04 3.45 4.22 47.3 
5.93 6.15 8.94 

12.21 17.29 8.29 14.06 
21.7 

35.15 12.11 38.72 6.6 

See footnotes a t  end of table ,  p .  28. 



TABLE 4.-  Concluded 

Rake  location  Vortex  curve Rake  location Vortex  curve 
R R u,, 

m/sec 

(a> 
deg deg 
'pv, s/D z/D x/D q ~ ,  z/D x/D 

R = 8  . I 

___ 

D8 .O 
8.1 
8.1 

b8 .O 
8.0 
8 .O 
8.0 
8.0 
8.0 
8.1 
8.0 

I 51.2 
30.6 
18.1 

51.2 
44.2 
30.6 
18.1 

51.2 
37.2 

b8.2 
b8.3 
b8 .O 

b8 .O 
b8.0 
b8.1 
b8.0 

8.1 
8 .O 

4.89 
8.01 

11.31 

4.83 
5.95 
7.96 

11.73 

4.90 

39 
8.00  6.00 39 
7.13 5.63 

39 8.81 8.31 
39 

12.00 39 
10.00 9.80 

39 45.00  ,19.50 
39 '35.00  18.00 
39 ,25.00  16.00 

,18.00  13.00 39 
15.18 '11.98 39 

, I 1  .oo 

39 9.00 8.00 

2.11 
5.99 

15.42 

2.17 
2.79 
6.02 

15.26 

2.10 
4.01 

5.53 
10.60 
20.52 

5.51 
6.76 

10.54 
20.51 

5.53 

19  
19 
20 

31 
31 
31 
32 

14.88,31.02 13.4 
17.13 41.19 11.0 

15.2  25.30 
14.9 35.23 39 2.00 5.00 

38 4.00 6.98 
""1- 

45 .O 
35 .O 
"L" 

6 . 9 7 '  8.31 10.7,45.13.18.81 51 2 2  9.5 

R = 10 
- 
41 .O 
34.8 
31 .O 
28 .O 
25 .O 
25 .O 
22.0 
- 

61.9 (I 9.91 31 25 
25 
25 
25 

31 
31 - 

52 .O 
51.9 
34.8 
25.0 

2.15 
2.13 
5.97 

14.20 

5.88 
5.92 

10.01 
13.56 

6.47 
6.49 

12.23 
21.32 

b10.0 
bl0 .o 
b10.1 
b10.1 

b10.0 
10 .o 

4.03 
5.98 
7.81 
9.89 

12.20 
14.03 
18.26 

8.44 
10.00 
11.32 
12.18 
13.24 
13.93 
15.37 

2.00 
6.00 2.03 
6.00 

14.00  14.00 
9.98 6.00 

2.03 6.00 
2.00  8.00 

61.8 
34.8 
20.4 

10.0 31 

10.0 31 
10.0 31 

10.0 31 

10.0 31 

10.0 32 61.8 
52.0 

51.9 
8.11 7.08 3.19 52.2 
6.49  5.92 2.14 

" ~ _ _ _  

=Calculated from equation (2)  for vortex curve. 
bNot used  to determine  parameters  in  equation ( 2 )  for vortex  curve. 
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Figure 1.- Sketch  of a jet in a crossflow. 
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” Jet center line 
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Figure  2.- Jet  c e n t e r   l i n e  and vortex  curve w i t h  assoc ia ted   coord ina tes   sys tems.  
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Figure 3.- Jet  nozzle and plenum. 
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Figure 4.- Rake of yaw-pitch  probes. 
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Figure 5.- Yaw-pitch probe. 

W 
W 



L-73-640 
Figure 6.- Experimental  arrangement i n  V/STOL tunnel   for  j e t  i n  

a crossflow  experiment. 
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Figure 7.- Measured decay  of j e t   c e n t e r   l i n e   v e l o c i t y  wi th  no crossflow. 
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(a> Comparison  with  Kamotani, R = 8. 

Figure 9.- Decay of jet  center-line  speed. 
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( b )  Effect of v e l o c i t y   r a t i o .  

Figure 9.- Concluded. 
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Figure  10 .- Jet  c e n t e r  
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”- Jet  center  line I Eq. (2) 
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Figure  11.- Jet c e n t e r  line and vortex  curve,   comparison wi th  other   experiments .  
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(b) R = 8. 

Figure 12.- Symmetry plane v e l o c i t i e s .  
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( a )   To ta l -p re s su re   coe f f i c i en t  C p , t .  

Figure 13.- Jet cross s e c t i o n   f o r  R = 4.0, x/D = 4.16, z/D = 2 -03 ,  
and VB = 32O. 
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(b) Measure$  velocities, U B / U ~  
and (VB + $B)/U+. 

Figure 13.- Continued. 
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Figure 13.- Continued. 
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Figure 13.- Concluded. 
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(b) Measured v e l o c i t i e s ,  U B / U ~  and (5, + g~)/Uq. 

Figure  14. - Continued. 
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Figure 14.- Continued. 
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Figure 14.- Concluded. 
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(a>  Tota l -p re s su re   coe f f i c i en t  C p , t .  
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(b) Measured v e l o c i t i e s ,  UB/U+ and ($B + $B)/U+. 

Figure 15.- Continued. 
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Figure 15.- Continued. 
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( d l  S t a t i c - p r e s s u r e   c o e f f i c i e n t  C p .  

Figure 15.- Concluded. 
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(a) Tota l -p re s su re   coe f f i c i en t  C p , t .  

Figure 16.- Jet  c r o s s   s e c t i o n   f o r  R = 8.0, x/D = 10.00, z/D = 5.31, 
and 'pg = 30°. 
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(b) Measured v e l o c i t i e s ,  UB/U+ and ($B + ~B)/U+. 

Figure  16.-  Continued. 
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Figure 16.- Continued. 
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Figure 16. - Concluded. 

57 



5.0 

4.0 

a/D 

3.0 

2 .o 

I .o 

0.0 

- I .o 

-2.0 

0 Center-  line  location 
0 Vortex curve  location 

I 
-0.2 

I 

-1.0 0.0 I .o 2.0 3 .O 4.0 

Y p  

( a>  To ta l -p re s su re   coe f f i c i en t  C p , t .  

F igure 17.- Jet cross s e c t i o n  for R = 8.0, x/D = 15.18, z/D = 11.98, 
and 'pg 20'. 
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(b) Measured v e l o c i t i e s ,  U B / U ~  and (T~B + g~)/Ue. 
Figure  17. - Continued. 
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Figure 17.- Continued. 
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Figure 17.- Concluded. 
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(a )  To ta l -p re s su re   coe f f i c i en t  C p , t .  
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( b )  Measured v e l o c i t i e s ,  UB/U, and ($B + k$)/U,. 

F igure 18.- Vertical s e c t i o n  for R = 4.0, x/D = 4.00, and z/D 1.75. 
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APPENDIX A 

CALIBRATION OF A YAW-PITCH  PROBE 

Thomas A .  T r o v i l l i o n ,  Jr. 
U n i v e r s i t y   o f   F l o r i d a  

G a i n e s v i l l e ,   F l o r i d a  

The c a l i b r a t i o n   o f  a yaw-pi tch  probe  and  the  symbols   used  in   cal ibrat ion 
are p resen ted   i n   t h i s   append ix .  

Symbols 

Values are g i v e n   b o t h   i n  SI  Units  and U.S. Customary  Units. The measure- 
ments   and  calculat ions were made i n  U.S. Customary  Units. 

D 
E 

fi 

P i  

PS 

q 

QP 

V 

U 
W 

a 

Cr, 

a* 

a* 

B 

64 

c a l i b r a t i o n   c o n s t a n t s   d e f i n e d  by equat ions  (A6),  ( A 7 ) ,  and (A81 

dimensionless   pressure on p o r t  i def ined  as ( p i  - ps)/Q 

p res su re  a t  p o r t  i, see f igu re   A l ,  Pa ( l b / f t 2 )  

s t a t i c  pressure   o f   f low,  Pa ( l b / f t 2 )  

dynamic p res su re   o f   f l ow,  Pa ( l b / f t 2 )  

quan t i ty   de f ined  by equat ion  (A2),  Pa ( l b / f t 2 )  

ve loc i ty   o f   f l ow a t  s u r f a c e   o f   s p h e r e ,  m/sec (f t /sec)  

free-stream ve loc i ty   o f   f l ow,  m/sec ( f t l s ec )  

p i t c h   a n g l e   o f   t o t a l - p r e s s u r e   p o r t   t o   s t a g n a t i o n   p o i n t ,   d e g  

p i t c h   a n g l e   o f  sting when Apa equals   zero ,   deg  

pi tch  angle   of   tunnel   f low,   deg 

d i f f e r e n c e   i n   p i t c h  be tween   ca l cu la t ed   ang le   and   t unne l   s t i ng   s e t t i ng ;  
supe r sc r ip t ed   t o   deno te   p robe   p i t ch  or yaw c a l i b r a t i o n   d a t a  set  
(e.g., a+a or a,B), deg 

yaw angle of t o t a l - p r e s s u r e   p o r t   t o   s t a g n a t i o n   p o i n t ,  deg 



APPENDIX A 

$0 

yaw a n g l e   o f   s t i n g  when APB equa l s   ze ro ,  deg 

yaw ang le   o f   t unne l   f l ow,  deg 

d i f f e r e n c e   i n  yaw be tween   ca l cu la t ed   ang le   and   t unne l   s t i ng   s e t t i ng ;  
supe r sc r ip t ed   t o   deno te   p robe   p i t ch  or yaw c a l i b r a t i o n  data set 
(e.@;., 8," o r  B , B ) ,  deg 

d i f f e rence   i n   p re s su re   be tween   p i t ch   po r t s ,  Pa ( l b / f t 2 )  

d i f f e rence   i n   p re s su re   be tween  yaw p o r t s ,  Pa  ( l b / f t 2 )  

t o t a l   a n g l e   o f   t o t a l   p o r t   t o   s t a g n a t i o n   p o i n t ,  deg 

t o t a l   a n g l e  where qp becomes z e r o ,   s i n g u l a r i t y   o f   e q u a t i o n  (A5),  
deg 

angle   be tween  i th   por t   and   s tagnat ion   po in t ,  deg 

d e n s i t y ,  kg/m3 ( s l u g / f t 3 )  

roll a n g l e  a t  t o t a l   p r e s s u r e   p o r t  from  lower a p o r t   t o   s t a g n a t i o n  
p o i n t ,  deg 

f ixed   ro l l - ang le   e r ro r   be tween   p robe   ca l cu la t ion   and   s t i ng ,  deg 

C a l i b r a t i o n  Scheme 

Probe   descr ip t ion . -  The p robe   t o  be calibrated is a yaw-pitch  probe wi th  a 
t o t a l - p r e s s u r e   p o r t  a t  the   forward   po in t   o f  a hemispher ica l   t ip   and  a r i n g   o f  
s ix   i n t e rconnec ted  s t a t i c  ports   approximately  e ight   probe diameters from the 
t i p .  To measu re   t he   ang le   o f   t he   ve loc i ty   vec to r ,   f ou r   po r t s  are placed a t  
approximately 4 5 O  t o  the t o t a l - p r e s s u r e   p o r t   i n   t h e   d i r e c t i o n s   o f  yaw and p i t c h .  
The to t a l -p re s su re   po r t   and   s t a t i c -p res su re   po r t  are numbered p o r t s  1 and 2 ,  
r e s p e c t i v e l y .  When the  probe is l i n e d  up with t h e   l o c a l   v e l o c i t y   v e c t o r ,   t h e  
d i f f e rence   be tween   t hese   p re s su res   g ives  the standard  incompressible  measurement 
of the dynamic p res su re .  When looking  upwind, the r i g h t  and l e f t  p o r t s  are 
called t h e  beta p o r t s  and are labeled 3 and 4, r e s p e c t i v e l y .  These w i l l  g i v e  
the ang le   o f  yaw,  which is the ang le  8 .  The top  and  bot tom  ports  are called 
t h e   a l p h a   p o r t s  and are labeled 5 and 6 ,  respec t ive ly .   These  w i l l  g i v e   t h e  
a n g l e   o f   p i t c h ,  which is t h e   a n g l e  a. 

Coordinate  system.- To s p e c i f y  t h e  o r i e n t a t i o n   o f  the v e l o c i t y   v e c t o r   w i t h  
r e s p e c t   t o   t h e   p r o b e ,  the usua l   coord ina tes   used  are t h e   E u l e r  angles a and 8 ,  
as shown i n  f igu re   A l .  For a comple t e   so lu t ion   o f   t he   ca l ib ra t ion   p rob lem  to  
large a n g l e s ,  it is more convenient   to   use   the   angles  8 and $. Since   t he  
p r e s s u r e s  on t h e   h e m i s p h e r i c a l   t i p  are assumed t o  be symmetrical   about  the stag- 
n a t i o n   p o i n t ,  the s i g n i f i c a n t   a n g l e  is t h e   t o t a l   a n g l e  8 t he  probe makes with 
t h e   v e l o c i t y   v e c t o r .  To s p e c i f y   t h e   d i r e c t i o n   o f  the v e l o c i t y   v e c t o r   r e l a t i v e  
t o   t h e   p r o b e ,  a p o l a r   a n g l e  $ is taken  about the probe  and  referenced  to the 
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Figure  A1.- Probe  coordinate  system. 

lower  a lpha  port .   Spherical   t r igonometry  gives  the following  conversion  between 
t h e  two coordinate   systems:  

t a n  ct = t a n  0 cos  J, 

s i n  B = s i n  8 s i n  J, 

C a l i b r a t i o n  based on p o t e n t i a l   f l o w   o v e r  a sphere.-  The p re s su re  on a 
sphere  is a func t ion   on ly   o f  the t o t a l   a n g l e  8 from the  s t agna t ion   po in t .  A 
nondimensional  quantity f i  may be defined as  t h e  p re s su re  p i  on p o r t  i 
minus the s t a t i c   p r e s s u r e  ps,  divided by the dynamic p res su re  q 

T h i s  quant i ty   can   be   de te rmined   theore t ica l ly  by us ing  t h e  p o t e n t i a l   f l o w   t h e o r y  
for  uniform  flow  over a sphere .  If axisymmetric  flow is assumed, the  superposi-  
t i on   o f  a free stream and a double t   f low  g ives  t h e  v e l o c i t y  on t h e   s u r f a c e   o f  
the sphere as 

Bernou l l i ' s   equa t ion  is then   used   to   ob ta in  t h e  p r e s s u r e   d i s t r i b u t i o n  on t h e  
sphere 
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By u s i n g   t h i s   e q u a t i o n  and the d e f i n i t i o n   o f  fi, one  obtains  

The most   important   quant i t ies  are t h e   d i f f e r e n c e s   i n   p r e s s u r e   b e t w e e n  t h e  
two a l p h a   p o r t s  and the  two beta p o r t s .  These are labeled hp, and Apgl 
r e s p e c t i v e l y ,  with the convention t h a t  they are p o s i t i v e   i n  t h e  a- and B- 
d i r e c t i o n s .  From the  d e f i n i t i o n   o f  f i ,  the f o l l o w i n g   r e l a t i o n s  are obta ined:  

APg = q ( f 3  - f 4 )  

By us ing  the  f u n c t i o n a l  form o f  f i  one  obtains  the  r e l a t i o n s :  

AP, = $ q(cos2  e6 -  COS^ e 5 >  

These r e l a t i o n s   c a n  be conver ted   to   func t ions   o f  8 and $ by r e f e r e n c e   t o  
figure A l .  The law o f   c o s i n e s   f o r   s p h e r i c a l   t r i a n g l e s   g i v e s  

cos  86 COS e cos  450 + s i n  e s i n  450 cos  $ 

COS e5 = cos  e cos  450 - s i n  e s i n  45O cos  $ 

cos  e4 = cos e cos 450 - s i n  8 s i n  450 s i n  $ 

cos  83 = cos  8 cos  450 + s i n  8 s i n  450 s i n  $ 

By s u b s t i t u t i n g  these e q u a t i o n s   i n t o  t h e  e q u a t i o n s   f o r  Ap, and Apg, one 
o b t a i n s  

AP, = 9 q s i n  28 cos  JI 
4 
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The dependence on 8 and $ can be separated by t a k i n g  the  r a t i o  and t h e  
squa re   roo t   o f  the sum o f  the squa res   o f  these two equa t ions  

9 = t a n  Q 
APa 

The square- root   quant i ty  may be nondimensionalized  by  dividing by the q u a n t i t y  
qp ,   def ined  as the  p res su re  on p o r t  1 minus the  average   o f  the p res su res  on t h e  
f o u r   a n g l e   p o r t s .  T h i s  r e l a t i o n   c a n  be w r i t t e n   i n  terms of  t h e  f i  as 

qp = q p l  - '(f3 + f4  + f5 + fg)] 
4 

By us ing  the t h e o r e t i c a l   p r e s s u r e   d i s t r i b u t i o n ,   e q u a t i o n  ( A 2 )  r e d u c e s   t o  

The square- root   quant i ty   then  becomes 

It should be noted t h a t  t h i s  has a s i n g u l a r i t y  a t  54.70. The scheme given here 
does  not  use the measurements made on t h e  s t a t i c - p r e s s u r e   p o r t s  which can be 
g r e a t l y   i n   e r r o r  a t  large a n g l e s   t o  the ve loc i ty .   But  t h e  s t a t i c  pressure  can 
be calculated  f rom t h e  q u a n t i t y  f l  once t h e  dynamic p res su re  q and the t o t a l  
a n g l e  8 are known,  by us ing  the  following  formula: 

Equations ( A l ) ,  (A3),  (A4),  and (A5) determine t h e  pr imary   quant i t ies   f rom 
which the ang le s  8 and $, and the p res su res  q and ps can be found. 

G e n e r a l i z a t i o n   o f   c a l i b r a t i o n  scheme.- For a number of   reasons  t h e  poten- 
t i a l  f l o w   c a l i b r a t i o n  may no t  be s a t i s f a c t o r y   f o r  a given  yaw-pitch  probe. The 
decrease i n   p r e s s u r e s  wi th  8 g iven  by t h e  po ten t i a l   f l ow  theo ry  is only  t h e  
ideal,  and so differs  from  experimental   values a t  large d i s t a n c e s  from the stag- 
n a t i o n   p o i n t .  The placement of t h e  p o r t s  may a l s o  be i n   e r r o r ,  which means 
there w i l l  be f i x e d   e r r o r s   i n  t he  a- and   B-d i rec t ions ,   in  the  r o t a t i o n   a n g l e  Q ,  
and i n  t he  sums  and d i f f e r e n c e s   o f  t h e  pressures   on  the alpha and beta p o r t s .  
For these reasons  the  t h e o r e t i c a l   c a l i b r a t i o n  is g e n e r a l i z e d   t o   i n c l u d e  some 
experimental ly   determined  parameters .  While main ta in ing  t h e  same form, t h e  
cons t an t s  of the 8 dependence are made a r b i t r a r y  so that equations  (A3),  (A4), 
and (A51  are g e n e r a l i z e d   t o  

68 



APPENDIX A 

(APa2 + APf3 2)”2 = A  s i n  28 
4P COS 2e - COS 28, 

p1 - ps = q ( ~  cos  28 + E COS e + F) (A81 

The c a l c u l a t i o n   f o r  $ is k e p t   t h e  same. The cons t an t  8, is t h e   s i n g u l a r i t y  
po in t   o f   equa t ion  (A61 and  must be t h e  same f o r   e q u a t i o n  (A71 to   de te rmine   cor -  
rect va lues   fo r   q .  

Determina t ion   of   the   Cal ibra t ion   Cons tan ts  

The c a l i b r a t i o n  scheme described has-  been  used  with  good r e s u l t s   t o  cali-  
brate a rake  of  seven  yaw-pitch  probes. Two sets o f   c a l i b r a t i o n  data were a v a i l -  
able fo r   t hese   p robes .  One set was t a k e n   e n t i r e l y   i n   t h e   p i t c h   d i r e c t i o n  and 
t h e   o t h e r   i n   t h e  yaw d i r e c t i o n .  Each se t  had both   pos i t ive   and   nega t ive   va lues  
t o   a n g l e s   o f  650 wi th  50 increments  between  values.  Each set of data was then 
used to   de te rmine  a se t  o f   c a l i b r a t i o n   c o n s t a n t s .  The experimental  data were 
reduced by c a l c u l a t i n g  the angles   and  pressures  by each set of  constants  and 
averaging them on the basis o f   t h e   c a l c u l a t e d   v a l u e   o f  J, a c c o r d i n g   t o  the 
following  formula: 

Average  parameter = (a? value)   cos2 J, + ( B  v a l u e )   s i n 2  $ 

The c a l i b r a t i o n   c o n s t a n t s   c a n  be determined  from the data i n   v a r i o u s  ways. 
The method presented  here d e t e r m i n e s   t h e   c a l i b r a t i o n   c o n s t a n t s   i n   s u c h  a manner 
t h a t  t he  c a l i b r a t i o n  scheme provides  a best f i t  t o   t h e   c a l i b r a t i o n  data i n  a 
l eas t - squa res   s ense .  By u s i n g   a n   i n i t i a l   g u e s s   o f  A, €lo, and $o with  equa- 
t i o n s  (AI) and  (A61, va lues   o f  0 and $ are obtained  from  which c1 and B 
are de termined   for   each   po in t   o f  t he  data s e t .  ~ The p i t c h  and yaw ang les  a t  
which the  probe is set w i t h  r e s p e c t   t o   t h e   t u n n e l  are known. The d i f f e r e n c e  
between  these two coordinate   systems is j u s t  t he  p i t c h  and yaw a n g l e s  a+ and 
B + ,  and inc ludes  the p robe   ang le   e r ro r s  and t h e   f l o w   a n g u l a r i t y   o f  the tunne l .  
As long as a l l  t he  c a l i b r a t i o n  data are taken a t  t h e  same p o i n t   i n   t h e   t u n n e l  
and  the  probes are n o t   r o t a t e d  on t h e   s t i n g  (a  cond i t ion  which was t rue   fo r   each  
set of the  data s e p a r a t e l y ) ,  the  va lues   o f  a?+ and f3+ should be c o n s t a n t   f o r  
a l l  p o i n t s   i n  the data s e t .  The i n i t i a l   g u e s s   f o r   t h e   c o n s t a n t s  A, e o ,  and 
$o are v a r i e d   i n c r e m e n t a l l y   t o   d e t e r m i n e   t h e   v a l u e s   t h a t   g i v e   t h e  most n e a r l y  
cons t an t  a+ and e+ i n   t h e   l e a s t - s q u a r e s   s e n s e   o v e r   t h e   e n t i r e  data set .  

The a?+ and e+ are then   u sed   t o   de t e rmine   t he   va lues   o f   t he   p robe   e r ro r s  
and a l s o   t h e   t u n n e l   f l o w   a n g u l a r i t y  (a?*,f3*). Since  it is desired t o  

know the   lower   angles  more c l o s e l y   t h a n  t h e  h igh   angles ,  t h e  a?+ and B+ V a l -  
u e s   f o r   t h e  data p o i n t s   w i t h   t o t a l   a n g l e s  less than  120 are ave raged   t o   ob ta in  
the   va lues   used   and   these  are s u p e r s c r i p t e d   t o   r e f e r e n c e   t h e  data set they  are 
derived  from. How the   p robe   e r ro r s  are separated  from  these  values  depends  on 
how t h e  data sets were ob ta ined .  The p r e s e n t   c a l i b r a t i o n  data were taken  by 
vary ing   the  yaw ang les  and then   ro t a t ing   t he   p robe  90° and vary ing  the same tun- 
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ne1  referenced  angles  to'obtain  the  set  of  pitch  data.  The a. and Bo values 
are  then  determined  as  follows: 

The  tunnel  angularity is found  similarly  by  the  formulas 

a* = l(-a,a - B *  a + a,B + B,B) 
2 

The  determination  of  the  constants A and 8, completes  the  calibration 
of  the  total  angle 8. It is  then  a  simple  matter  to  fit  the q and ps cali- 
bration  constants  to  the  calculated  values of 8 in  the  least-squares  sense. 
It was found  that  the  low  angle  values  were  not  fitted  as  well  as  the  intermedi- 
ate  values.  To  improve  these  calculations  for  angles  less  than 1 2 O ,  a  separate 
method was used,  where q was calculated  as  a  constant  multiple of qp, and ps 
was  found  by  subtracting q from p i .  

The  following  table  gives  the  maximum  and  minimum  values  of  the  calibration 
constants  from  equations (A61 to (A81 that  were  found  for  the  seven  probes  used 
in  this  report,  and  a  comparison  with  the  theoretical  values  predicted  from 
potential  flow  theory: 

r" 
Theoretical 

Exp  er  imen  ta 1 
maximum 

Exp  er  imen  ta 1 
minimum 

2.67 0.84 

3.66 .64 

2.63 .04 

C 

0.00 

1.37 

.51 

D 

1.13 

.52 

.22 

E 

0.00 

3.37 

2.46 

F 

-0.13 

-1.87 

-2.64 

a0 

0.00 

.42 

-1.43 

$0 

0.00 

.89 

- .86 

$0 

0.00 

2.11 

-4.40 

00 

54.7 

57.4 

50.1 

The  principal  part  of  the  difference  between  the  experimental  and  theoreti- 
cal  values  is  due  to  errors  in  the  port  placement.  The  average  angle  of  the  yaw 
and  pitch  ports  was  found  not  to  be  at 45O as was specified  on  the  construction 
drawings,  but  was  typically  at  about 380. 

The  calibration  data,  as  well  as  other  data  taken  at  combined  yaw  and  pitch 
angles,  were  reduced  to  determine  the  errors  associated  with  the  scheme.  The 
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t o t a l   a n g l e  0 was found t o  be a c c u r a t e   w i t h i n  l o  and the  roll ang le  6 w i t h i n  
30. The dynamic p r e s s u r e  q was accura t e   w i th in   abou t  2.5 p e r c e n t   f o r   a n g l e s  
less than 250 and 5 percen t  elsewhere. The s t a t i c  p res su re  ps was a c c u r a t e  
wi th in   about  2 p e r c e n t   f o r   a n g l e s  less than  25O and 4 percen t  elsewhere. These 
are rough  averages  for  a l l  t h e  probes ;  some probes  exceeded these v a l u e s   i n  
some i n s t a n c e s .  The most s e r i o u s   o f  these except ions  was i n  t he  dynamic pres- 
s u r e   c a l c u l a t i o n  which occas iona l ly  had e r r o r s   o f  8 t o  10 percent   bu t   never  
exceeded t h i s  v a l u e   i n  the  r eg ion  of i n t e r e s t .  
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WIND-TUNNEL POSITIONING OF THE RAKE OF YAW-PITCH PROBES 

The d e c i s i o n   t o   m e a s u r e   v e l o c i t i e s   i n   p l a n e s   p e r p e n d i c u l a r   t o  the  je t  pa th  
placed  s t r ingent   requirements   on t h e  l o c a t i o n   a n d   o r i e n t a t i o n   o f  t he  rake o f  
probes.  These requirements had t o  be r econc i l ed  with the  types  and  ranges  of 
mo t ion   ava i l ab le   fo r  the rake i n   s u c h  a way t h a t  t h e  test  could be conducted i n  
a r e a s o n a b l e   l e n g t h   o f  time. A knowledge  of the  mot ions   ava i l ab le   fo r  t h e  rake 
and  of t h e  r e l a t i v e   p o s i t i o n s   o f  t h e  j e t  and s t i n g  system are necessary   to   under -  
s t and  the  compromises t h a t  were made. 

The types   o f   mo t ion   ava i l ab le   fo r  the rake o f  t h e  probes  can be d iv ided  
i n t o  two categories:   those  motions  provided by t h e  wind-tunnel   s t ing system 
and  those which were used specifically f o r  t h i s  experiment.  Three types   o f  
motion were a v a i l a b l e   f o r  the  wind-tunnel   s t ing  system:  pi tch,  yaw, and he ight .  
F igure  B1 is a schematic o f  t h e  wind- tunne l   s t i ng   sys t em  i l l u s t r a t ing  the  move- 
ments   o f   p i tch  and he ight .  Yaw was accomplished by r o t a t i o n   a b o u t  the  v e r t i c a l  
a x i s   n o t e d   i n   f i g u r e  B1. P i t c h ,  yaw,  and height  o f  the tunne l   s t i ng   cou ld  be 
changed and monitored  from the  c o n t r o l  room,  and the i r  va lues  were au tomat i ca l ly  
recorded on magnetic tape f o r  each po in t   o f  data. Longi tudinal   motion  in  the 
t u n n e l  was achieved  in   one  of  two  ways. The bol ts   c lamping the  15-cm-diameter 
( 6 - i n . )   p i p e   i n  the  s leeve   could  be loosened  and t h e  p ipe  moved i n  t h e  s l e e v e  
t o  a new l o c a t i o n .  This  was a task which required  about   1/2  hour   to   perform.  
Add i t iona l ly ,  a rather small range  of   longi tudinal   motion  (approximately 4 D )  
was provided by a lead screw apparatus  between the a d a p t e r  sting and the 15-cm 
(6- in . )   p ipe .  The p o s i t i o n   o f  t he  lead screw was controlled  and  monitored  from 
the  c o n t r o l  room,  and its p o s i t i o n  was recorded  on  magnetic  tape  for each po in t  
o f  data. F i n a l l y ,  t he  angle   between  the rake s t i n g  and t h e  adapter s t i n g   c o u l d  
be changed i n  50 increments.  (See f igs .  4 and  6 . )  The r o l l   p o s i t i o n   o f  t h e  rake 
on t h e  rake s t i n g  was such tha t  t h e  plane  of  t h e  rake a i r f o i l  was v e r t i c a l  when 
t h e  tunne l  p i t c h  and yaw ang les  were zero .  The rake s t i n g   a n g l e  $R, X 4 ,  and 
Z4 were manual ly   en te red   in  t h e  data a c q u i s i t i o n  system and  recorded on magnetic 
tape f o r  each p o i n t   o f  data. I 

The j e t  was la teral ly  o f f s e t  33.8 cm (13 .3   in . )   f rom the t u n n e l   c e n t e r   l i n e  
because  of  a large beam under the  t u n n e l   f l o o r .  The yaw a n g l e   n e c e s s a r y   t o  
l o c a t e  the rake i n  t he  XZ plane  ranged  from 2.50 i f  t h e  p r o b e   t i p s  were a t  t h e  
c e n t e r   o f  the j e t  o r i f i c e   t o  6 .30  for  the  probes  located  45D.downstream  of the  
o r i f i c e .  

To acqu i re  a series of  velocity  measurements which were approximate ly   in  a 
g iven  j e t  c r o s s   s e c t i o n ,  t h e  fol lowing  procedure was used: The angle  between 
the  rake sting and adap te r  sting was set t o  the  5 O  increment   nearest  the desired 
a n g l e   o f   i n c l i n a t i o n   o f  the plane  and  secured wi th  a tapered   p in   and   bo l t  
t h rough   ho le s   i n  the bracket. (See f ig .  4 . )  The wind-tunnel   s t ing p i t c h  was 
t h e n   u s e d   t o  set the  rake s t i n g  a t  the  desired ang le  as measured by an  inclinom- 
eter. The t i p   o f   p r o b e  4 o f  the  rake was p o s i t i o n e d   i n  the je t  symmetry p lane  
a t  the  desired v a l u e s   o f  X and Z as phys ica l ly   measu red   i n  the tunne l .  Yaw 
of the tunne l  sting system was used t o  move the  rake t o   p o s i t i o n s   o u t   o f  t he  
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j e t  symmetry plane.  This  produced a c r o s s   s e c t i o n  wi th  a small amount  of curva- 
t u r e .   I n   t h e  y > 0 half-plane  where  most of the data were taken ,  t h i s  curva- 
t u r e   r e s u l t e d   i n  a maximum out-of-plane movement of  0.07D a t  the  j e t  o r i f i c e   t o  
0.18D a t  45D downstream. The larger  value  downstream is o f f s e t  by t h e  smaller 
change i n   c o n d i t i o n s   i n  the  X-direction there. 

E r r o r s   i n   t u n n e l   p o s i t i o n  were mainly  due t o  shifts i n   t h e   p o s i t i o n   o f   t h e  
yaw table on which the tunnel   s t ing   sys tem was mounted.  (See f i g .  6.)  The 
inaccuracy  in   Y-posi t ion had the largest magnitude,   inaccuracies  rarely exceed- 
ing  0.1D. The X-position was r epea tab le   t o   w i th in  0.04D,  and the  Z-posi t ion was 
r e p e a t a b l e   t o   w i t h i n  0.01D. 
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EXPERIMENTALLY DETERMINED VELOCITIES AND PRESSURES 

Presen ta t ion   o f   Resu l t s  

The basic r e s u l t s   o f  t h i s  i n v e s t i g a t i o n  are the measured  pressures  and 
the  veloci t ies   determined  f rom them. For presentat ion  these  measurements  are 
ar ranged   in   th ree   major   g roupings :  (1 )  j e t  c e n t e r - l i n e  data which  consis t   of  
measurements i n   t h e   p l a n e   o f   f l o w  symmetry f o r  the purpose of e s t a b l i s h i n g   t h e  
j e t  c e n t e r   l i n e ,  (2) vor tex   curve  data which a l so   cons is t   o f   measurements   in  
the   p lane   o f   f low symmetry bu t   fo r   t he   pu rpose   o f   e s t ab l i sh ing   t he   vo r t ex   cu rve  
and f o r   u s e   i n  t he  vortex  f i lament  model,   and ( 3 )  extended  cross   sect ions  which 
contain  measurements  taken  out of the  plane  of  flow  symmetry. For each  of   these 
groups  of data, t he  l o c a t i o n  of a cross s e c t i o n  is given  by t h e   l o c a t i o n  of t h e  
t i p   o f   p r o b e  4 o f  the  rake in  the  wind-tunnel  coordinate  system  (x/D,  y/D,  and 
z/D)  and t h e   i n c l i n a t i o n   o f   t h e   r a k e   w i t h  the Z-axis, PHI. For t h e  tables o f  
symmetry plane data, y/D is ze ro .  The l o c a t i o n s   o f   p o i n t s   w i t h i n  a c r o s s  sec- 
t i o n  are given by t h e i r   c o o r d i n a t e s  (XB, YB, and ZB) i n  a system  obtained  by 
r o t a t i n g  the  wind-tunnel  coordinate  system  through  an  angle PHI and l o c a t i n g  the 
o r i g i n  a t  the t i p   o f   p r o b e  4 of the rake of seven  yaw-pitch  probes.  (See 
ske tch  ( b )  .) 

Sketch ( b )  

I 

All coord ina te s  are nondimensionalized by the j e t  diameter D. The v e l o c i t y  
determined a t  each l o c a t i o n   i n  a c r o s s   s e c t i o n  is s p e c i f i e d  by the three compo- 
n e n t s  (UB, VB, and WB) r e l a t i v e   t o  the coordinate   system (XB, YB, and ZB) 
and is nondimensionalized by the   c ross f low  speed ,  UINF. The s ta t ic  and t o t a l  
p r e s s u r e s  are presented  as d imens ion le s s   coe f f i c i en t s  CP and CPT which are 
def ined  as 
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The fo l lowing   anno ta t ion  is used  throughout  t h e  tables: 

$ deno tes   po in t s   ou t s ide   p robe   ca l ib ra t ion   r ange  

I n d e x   t o  Tables 

An i n d e x   t o  t he  tables o f  t h i s  appendix  fol lows:  

Table C1.- Symmetry p l a n e   v e l o c i t i e s   a n d   p r e s s u r e s ,  j e t  c e n t e r   l i n e  

(a)  R = 3; U, = 53 m/sec; x/D = 2.0 ,  3.9,   6.0,   7.8,   9.5,  12 .1 ,  14.1 

(b)  R = 4 ;  U, = 39 m/sec; x/D = 2.0,  2 .7 ,   3 .9 ,   5 .2 ,   5 .8 ,   7 .9 ,   8 .4 ,  12.1,  
14.0,  15.8,  18.0 

( c )  R 5 ;  U, = 50 m/sec; x/D = 2.0 ,  6 .0 ,   9 .7 ,  1 4 . 1  

( d )  R = 6;  U, = 42 m/sec; x/D = 1.9,   3.9,   6.1,   7.8,   9.6,   11.9,  14 .0 ,  18.1 
R 6 ;  U, = 51 m/sec; x/D = 14.0 I 

(e )  R = 7;  U, = 44 m/sec; x/D = 2.0,  6.0,   9.9,   13.9 1 
(f) R = 8 ;  U, = 31 m/sec; x/D = 1.8, 2.0, 14.0 

R 8 ;  U, = 39 m/sec; x/D = 2.0,  3 .7 ,   3 .8 ,   6 .1 ,   6 .5 ,   7 .7 ,  10.0,  
12.0,  14 .0 ,  18.1 

(g )  R = 10; U, = 25 m/sec; x/D = 2.0,  14 .0  
R = I O ;  U, = 31 m/sec; x/D = 2.0 ,  4 .0 ,   6 .1 ,  8.0,  10.2,  12 .1 ,  14.0 

Table C2.- Symmetry p l a n e   v e l o c i t i e s  and p res su res ,   vo r t ex   cu rve  

( a )  R = 3; U, = 34 m/sec; x/D = 2.0,  6.0, 8.0, 14.0 
R = 3 ;  U, = 53 m/sec; x/D = 2.0, 4.0, 6.0,  8.0, 9.5,  12.0,  14.0, 

18.0,  25.0 

( b )  R 4 ;  U, = 25 m/sec; x/B = 2.0,  6.0, 14 .0  
R = 4 ;  U, = 39 m/sec; x/D = 2.0, 4.0, 6.0,  8.0, 9 .1 ,  9 .2 ,  14.0, 18.0, 

R = 4;  U, = 62 m/sec; x/D = 2.0, 6.0, 14.0 
25.0,  35.0,  45.0 

( c )  R = 5 ;  U, = 50 m/sec; x/D = 2.0, 2 .1 ,  6.0,  9.7,  14.0 
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( d l  R = 6; U, = 26 m/sec; x/D = 2.0,  6.0,  14.0 
R = 6; U, = 42 m/sec; x/D = 2.0,  4.0,  6.0,  8.0,  9.5,  12.0,  14.0, 

R = 6; U, = 51 m/sec; x/D = 2.0,  6.0,  14.0 

(e )  R = 7; U, = 44 m/sec; x/D = 2.0,  6.0,  9.9,  14.0 

(f) R = 8; U, = 19 m/sec; x/D = 2.0,  6.0,  15.2 
R = 8; U, = 31 m/sec; x/D = 2.0, 6.0,  15.2 
R = 8; U, 39 m/sec; x/D = 2.0, 4.0,  5.6,.  6.0,  8.0,  8.8,  9.8,  12.0, 

18.0,  25.0,  35.0,  45.0 

15.2,  18.0,  25.0,  35.0,  45.0 

(g) R = IO; U, = 25 m/sec; x/D = 2.0,  6.0,  14.0 
R = IO; U, = 31 m/sec; x/D = 2.0,  4.0,  6.0,  8.0,  10.0,  12.1,  14.0, 

- 

18.0 

Table C3.- Cross-section velocities and pressures 

(a)  R = 3; U, = 53 m/sec; x/D = 2.0, 6.0,  8.0 
z/D = 2.0, 3.0,  3.0 

( b )  R = 4; U, = 39 m/sec; x/D 2.0, 2.0, 2.7,  4.2,  4.7,  5.2,  6.0,  8.4 
z/D 2.5,  4.3,  4.6, 2.0, 2.0, 5.8,  4.0,  6.8 

R = 4; U, = 39 m/sec; x/D = 9.2,  14.0,  14.0,  15.8,  35.0,  45.0 
z/D 3.9,  6.8,  8.3,  8.6,  8.5,  9.8 

(c )  R = 6; U, = 42 m/sec; x/D = 2.0, 6.0,  14.0,  14.0,  35.0,  45.0 
z/D = 3.5,  6.0,  8.5,  11.5,  13.0,  14.8 

( d )  R = 8; U, = 39 m/sec; x/D = 2.0, 2.0, 3.7,  5.6,  7.6,  6.0,  6.5,  8.8 
z/D = 5.0,  6.8,  9.4,  7.1,  4.8,  8.0,  11.4,  8.3 

R = 8; U, = 39 m/sec; x/D = 10.0, 11.9,  12.1,  13.1,  14.0,  15.2,,35.0,  '15.0 
z/D = 5.3,  2.3,  17.0,14.2,15.3,12.0,  18.0,  19.5 

R 8; U, = 20 m/sec; x/D = 14.0; z/D = 15.3 

( e )  R = IO; U, = 25 m/sec; x/D = 2.0,  1.8 
z/D = 6.0,  7.7 

z/D = 6.0,  7.8, 10.0 
R = IO; U, = 31 m/sec; x/D = 2.0, 2.0, 6.0 

Table C4.- Vertical  section  velocities and pressures 

(a )  R = 4; U, = 39 m/sec; z/D 1.75; x/D = 4.0,  6.0,  8.0 

(b)  R = 8; u, = 39 m/sec; z/D = 1.75; x/D = 4.0,  6.0,  8.0, 12.0 
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I TEST 
CONDITIONS 

I?= 3.17 
U I N F =  51.3 M/SE( 
X/D= 1.98 

PHI= 22.0 DEG 
Z/D= 3.25 

I R =  3.17 
UINF.  51.3 M/SE( 
X/D= 1.98 
2/13. 3.25 
PHI= 22.0 DEG 

R =  3.18 

ZR/D 

-1.5  -1.0 - 0 . 5  0.0 0.5 1.0  1.5 

e42 .4R -43 
-03 -e08 "03 

-1.15  -1.24  -l.O@ 
-73 .3Y - 0 6  

-1.43  -1.85  -1.89 

.41 .1YS .41 
-.07 .01 -.01 
-87 e61 -14 

- e 8 0  "75 -1.05 
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-e09 "01 "05 
-57 -35 .36 
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-07 

-1.33 
.20 

1.25 

1.84 
. o s  
.22 

-1.2R 
1.23 

1.91 
.OS 

1.29 
-05 

-.42 
.16 

.?R 

1.24 
.oo 
.17 

-.37 
.21 

1.39 
.05 

.95 
-03 

"13 
. 06  

- . 0 3  

.95 

"13 
-04 

-.02 
. o s  

.94 

.04 

H =  3.18 
' U I N F =  51.0 M/SEC "10 "05 -.I2  .O9  .O6 .05 

, - 5 6  -48 e21 1.83  1.39  .92 

X/D= 2.00 .6Y -48 -26 - . O O  .04  -.23 
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-04 
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-09 . O ?  
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05 
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- . 3 3  
-03 

.10 
Oh 
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.01 
-.le 
"03 
-.01 

.99 

-.20 
-03 

"03 
-.01 

-.01 
1.05 

-.lo 
-.11 
.01 

1.10 

-.12 
.02 

-. 14 
09 

- 
UB/UINF 
UB/UINF 
WB/UINF 

CP 
CPT 

U H / U I N F  
V B / U I N F  
WH/UINF 

CP 
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UB/U I NF 
V B / U I N F  
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CPT 

U B / U I N F  
V B / U I N F  
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U B / U I N F  
V B / U I N F  
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U B / U I N F  
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U B / U I N F  
V B / U I N F  
# H / U I N F  

CP 
CPT 

U B / U I N F  
V B / U I N F  
WB/UINF 

CP 
CPT 

CONDITIONS 
TEST 

I?= 3.16 
U I N F =  52.8 W S E C  
X/D= 7.A4 
Z/D= 5.22 
PHI= 11.0 UEG 

R= 3.16 
U I N F -  52.8 h/SEC 

Z/D= 5.22 
X/D= 7.84 

PHI" 11.0 DEG 

R: 3.18 
UIIUF= 52.9 H/SEC 
X/D= 9.50 
Z/D= 5.50 
PHI= 10.0 DEG 

1 

U I k F =  52.8 M/SE( 
x/u= 12.08 
Z/D= 7.00 
PHI= 9.0 DEG 

n= 3.17 
U I N F -  52.8 M/SE( 
x/o= 12.08 

PHI:  9.0 DEI3 
Z/D= 7.00 

HE 3.16 
U I N F =  52.8 M/SE( 
X/D= 14.12 
Z/D= 7.50 
Phi= 8.0 DEG 

TABLE C1.- SYMMETRY PLANE VELOCITIES AND PRESSURES, JET  CENTER LINE 

(a> R = 3 .  



CONDITIONS 
TEST 

UINFS 38.2 H/SEC 
R= 4.14 

X/D=  1.97 

PHI=  28.0 DEG 
Z/D= 4.25 

R= 4.13 
U I N F I  38.3 M/SEC 
X / D =  1.97 
Z/D= 4.25 
PHI=  28.0 DEG 

'U INF=  38.3 WSEC 
R = -  4.15 

X/D= 2.00 
Z/D= 4.25 

/ P H I =  33.0 DEG 

R= 4.15 
UINFS 38.3 H/SEC 

Z/D= 4.25 
X/D= 2.00 

PHI=  33.0 DEG 

Rx 4.00 
UINF' 38.6 M/SEC 

'X/DS 2.66 
Z/D= 4.63 
PHI=  31.8 DEG 

R= 4.00 
UINFS 38.7 H/SEC 
X/D= 2.66 

PHI.  31.8 DEG 
Z/D= 4.63 

R= 4.13 

X/D= 3.88 

PHI= 20.0  DEG 

UINFZ 38.7 H/SEC 

Z/D= 5.00 

R= 4.13 
U I N F I  38.7 H/SEC 
X/D= 3.88 
Z/D= 5.00 
PHI= 20.0 DEG 

- 
- 
UB/UINF 
VB/UINF 
WB/UINF 

CP 
CPT 

UB/UINF 
VB/UlNF 
YB/UINF 

CPT 
CP 

UB/UINF 
VB/UINF 
YB/UINF 

CP 
CPT 

U W U I N F  
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WB/UINF 

CP 
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CP 
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WB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
WB/UINF 

CP 
CPT 

UB/UlNF 
VB/UINF 
WR/UINF 

CP 
CPT 

ZB/D 

-1.5 -1.0  -0.5 0.0 0.5  1.0  1.5 CGNDITIONS 
TEST 

u =  3.98 
UIFtF= 38.8 MISEC 
X/D: 5.20 

PHI'  21.3 DEG 
Z/D= 5.81 

E)= 4.00 
UlNF= 38.8 HISEC 
X / D =  5.20 
Z / D =  5.61 
P h l '  21.3 DEG 

R =  4.19 
UI t IF= 38.4 h/SE( 
X/U= 5.82 

PHI=  17.0 DEG 

U lNF=  313.4 h/SE( 
R= 4.22 

X/U= 5.82 
Z/D' 5.74 
P H l =  17.0 GEG 

I?= 4.15 
UINF= 39.5  M/SE( 
X/D= 7.87 

PHI=  14.0 DEG 
Z/U= 6.75 

R: 4.14 
UINF:  3Q.5 H/SE( 

Z / D =  6.75 
x/u= 7.87 

Phi- 14.0 IJEG 

R= 4.00 
UINF- 3B.9 k/SE.( 
X /D=  8.44 

PHI' 11.0 GEG 

Z / D =  5.74 

7/U' 6 7 8  

U I N F =  3Y.O M I S E (  
x/u= 8.44 
Z/U= 6.78 
PHI= 11.0 DEG 

n= 4 . 0 0  

TABLE C1.- Continued 

(b) R = 4 .  



Q, 
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COkOITIONS 

UINF- 39.6 M/SEC 

COkOITIONS I 
R =  4.13 
UINF- 39.6 M/SEC 
X/D= 12.05 

PHI= 12.0 DEG 
Z / D =  8 .00  
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-.04 CPT 
- . O M  CP 

~~~ 

Z B / D  

-1.5  -1.0  -0.5 0.0 0.5 1.0  1.5 

-.13 .04 .09 
.53 .55 1.37 

,1.41 -1.42 -1.56 
.R4  .46  .09 

,1.41  -1.90 " 6 6  

.58 .4R  1.35 
-.OS "05 .OO 

.A2  .47 .12 
.1.43 -1.32 -1.56 
,la42 -1.86 -.71 

-.OS -.03 .no 
.73 .80 .92 

"49 -.61 -.57 
.38 .22 .10 

"81 -.91 -.72 

.83 .79 .99 
-.09 -.02 -.02 
.30 .23 .06 

-.63 "54 "57 
- . 8 3  -.E6 -.SA 

1.06 1.14 1.15 
.02 -.01 .oo 

-.06 " 0 6  -.07 
"31 "26 -.19 
-.13 -04 .16 

1.08 1-18 1.16 
-.02 .02 .01 
-.04 -.O6 -.07 
-a28 "27 -.16 
-.lo .15 .20 

-.03 -.01 -.01 
.91 .94 1.07 

-.20 -.17 -.1R 
.01 "07 -.OF 

-.37  -.29 -.nl 

7.17 
.Oh 

-1.33 
.36 

2.63 

2.1s 

.32 
-1.61 
2.43 

1 .?5 
.03 

-.53 
-06 

1.16 

-.01 
.01 

"40 
"03 

1.07 
.oo 

-.09 
-.12 

0 4  

1.10 
-.01 
-.lo 
-.11 

.ll 

1.09 
.O2 - ..lo 

"17 
.04 

.n4 

.no 

1.32 

.?9 
-.4R 
.37 

-.01 
1 .EO 

-e29 
.24 

.21 

1.33 

-.02 
.oo 

-.39 
-41 

1.39 
.o 1 

" 0 3  
-.42 
-52 

1.01 
-.oo 

-.07 
-.I5 

-.02 

-.oo 
1.03 

-.14 
-.07 
.02 

1.09 

-.13 
-.12 ' 

.08 

. n5 

.nl 

.82 .81 
- 0 3  .04 

-.20 - . 3 2  
-13 -23 

"16 -00 

.A3 .77 

-.lb "33 
.01 .02 

-.15 -.01 
-13 .29 

1.24 1-09 
e 0 3  -03 

-.os -.14 
-.25 -.20 
-32 -03 

1.24 1.04 
' .02 .02 
- . 0 8  -.15 
"24 "14 

. 3 3  -.02 

.99 .98 

.01 .oo 
-.17 -.22 
- . 0 3  - 0 0  
-.02 .01 

.99 .97 

-.17 -.20 
.02 .oo 

"03 -02 
-.02 . 0 1  

1.01 1.011 
-03 -02 

-.14 "15 

-.01 - . o o  
"06 "03 

CONDITIONS 
TEST 

R f  5.05 
UINF= 49.4 H/SEC 
X / O =  1.97 

PHI- 33.0 DEG. 
Z/D= 5.25 

R =  5.06 
U I W =  49.4 W S E C  
X/D= 1.97 
Z / D =  5 . 2 5  
PHI= 33.0 DEG 

R =  5.10 
UINF- 49.2 k/SEC 
X/D= 6.03 

PHI= 20.0 DEG 
Z/D= 7.25 

R= 5.09 
.UINF= 49.2 M/SE( 
X/D= 6.03 
Z/D= 7.25 
PHI= 20.0 DEG 

R =  5.06 
UINF= 51.1 MISE( 
X/D= 9.71 

PHI= 15.0 DE6 
z/u= 9.78 

R= 5.06 
UINF. 51.1 M/SE( 
X / O =  9.71 
z/u= 9.78 
PHI. 15.0 DEG 

R =  5.05  

X / O =  14.12 

PHI= 13.0 DEG 

R =  5.05 
UINF= 51.2 H/SEC 
X/D= 14.12 

PHI'  13.0 DEG 

UINF= 51.2 M/SEC 

Z/D= 10.00 

Z/D= 10.00 

TABLE C1.- Continued 

(b) Concluded. ( c >  R = 5. 



ZH/D 
- 

ZR/D 

.CONDITIONS 
T€ST 

-1.5  -1.0 -0.5 0 . 0  0.5 1.0 1.5,  -1.5 -1.0 - 0 . 5  0.0 0.5 1.0  1.5 ,CDNDITIONS 
TEST 

R =  6.02 .73  1.28  2.15  1.81 1 - 0 6  .76 - 6 8 ;  UB/UlNF'  1.11 1.29  1.16  1.09 1.01 1.00 .96 
VE/UlNF "02 - 0 1   - 0 1   - 0 1  .01  .01 e02 UINFZ 41.4 H/SEC 

X / D =  1.09 
Z / D =  6.50 
PHI -  30.0 DEG 

U= 6.04 
UlNF. 41.3 N/SEC 
X/D= 1.09 
Z / O =  6.50 
PHI -  30.0 DEG 

R =  6.04 
I I INF-  41.2 H / S E C  
X/D= 3.91 
Z / D =  7.50 
PHI=  28.0 OEG 

U= 6.03 
U I N f =  41.2 H/SEC 

-.13 .03 .lo 
.70 .16 - 2 5  

-1.33 -1.66 -1.55 
-1.29 "98 2.23 

.82 1.17 2.06 

.02 "04 .09 

.72 .1Q .23 
-1.33 -1.57 -1.42 
-1.14 -1.17 1.95 

.91 .82 1.10 
-.09 -.oo .os 
.6t) e57 a22  

-.90 -.75 - .R?  
-.67 -.75 -.56 

-.03 - . a 3  .fl2 
.76 - 7 3  1 - 0 1  

.07 

-.99 
.35 

1  .47 

1.90 
.09 

-1.13 
.31 

1.62 

1.54 
.os 

-.R3 
. I 6  

.60 

1.53 
.O? 

-.03 
.05 

-.20 
-.07 

1.12 
.08 

- . oo  
-.73 

.03 

1.45 
.03 
.20 

- 6 8  

1.52 
.05 

-.4a 

"26 
.ll 

-.11 
.24 

.75 
- 0 6  

- . 2 3  
.27 

-a09 

1.24 
.06 
.04 

-.26 
.29 

1.33 
.01 

" 4 0  
.07 

-.01 
- 3 b  

- 7 2  
. 0 4  

-.38 
.32 

-.a2 

.97 

"16 
. 04  

- . O b  
"06  

.oz 
- 9 1  

X/D= 3.91 

PHI -  2N.O DEG 
Z/D- 7.50 

UIFIF- 41.0 M/SEC 
I?= 6.06 

X / U =  6.10 
Z/D: 9.00 
PHI: 26.0 OEG 

!?= 6.06 
UINF" 41.2 H/SEC 
X / D =  6.10 

P H l -  74.0 DEG 
z/u= 9.00 

UINF= 42.2 U/SEC 
U: 6.04 

X / D =  7.75 
Z / D =  10.49 
P V I =  20.0 DE6 

U= 6.04 
uIFIF= 42.2 H/SEC 
X/D=  7.75 
Z/D=  10.49 
PHI=  70.0 DEG 

YB/UINF 
CP 
CPT 

UB/UINF 
VB/UINF 
YB/UINF 

CPT 
CP 

UB/UINF 
VB/VINF 
YB/UINF 

CP 
CPT 

UB/UINF 
V8/UINF 
Y9/UINf! 

CP 
CPT 

VB/UlNF 
UB/UINF 

UB/UlNF , 

CP 
cpr 

UB/UINF 
VB/UINF 
YB/UlNF 

CP 
CPT 

UB/UINF 
VB/UINF 
YB/UlNF 

CP 
CPT 

UB/UINF 
VB/UlNF 
YB/UINF 

CP 
CPT 

"27 
.01 

-.04 

1.04 

.01 

-.15 
"25 

-.os 
.97 

7-30 
,Ob  

.04 

-.35 

1.06 
.01 
.09 

-.32 
-.18 

-.07 
.R2 

.ll 

-.*a 
-.17 

.88 
-.04 

.14 
-.21 
-.40 

-.01 
1.03 

-.04 
"14 
-.07 

1.07 

-.02 
.oo 

-.20 
-.OS - 

"03 
-e30 

.29 

1.16 

-e07 
.02 

-.27 
.08 

-.01 
1.05 

-.24 
.01 

-.14 

1.08 
-.01 
-.02 
"29 
- . l ?  

1.01 
.02 

- -25  
- 0 7  

-.22 

-.01 
1.09 

. o o  
-.Z8 
-.09 

1.00 
.02 

-.05 
-.11 
-.lo 

1.03 
-.02 
"07 
-.lo 
- . 0 3  - 

-.or 
-.14 

.21 

1.12 

- . O B  
. o o  

"19 
.OO 

-.03 
1.13 

-.06 
-.19 

.09 

1.03 
-.03 -. 05 

-.lo 

-.01 
.99 

"03 
-.20 
-.21 

1 .os 

.01 
- . 2 1  
-.11 

1.08 
.02 
-.lo 
-.15 
-04 

1.02 

-.OR 
.01 

-.07 
-.02 

-.17 

-.n4 

- 

-.00 
-.15 

.05 

1.02 
.oo 

"09 

- . 0 4  
-e09 

1.16 

-.lo 
.01 

- a 2 7  

-.14 
"03 

.oo 

1.03 

-.13 
.01 

-.07 
.03 

1.10 
.oo 

-.11 
"14 

-. 16 
"03 
-.oo 

.98 

-.16 
.01 

-.01 
-.01 

1.03 
.oo 

-e14 
"07  

-e22 
e03 

- . 0 0  

.95 

"23 
.02 

e o 1  
.os 

1.00 
.oo 

-.20 
-.02 

.13 .10 .01 .02 

1.14 1.07 .99 .9Y 

- . O B  -.07 -.15 -.20 
.03 .01 -.01 .oo 

"70  "11 "04 "02 
- 1 0  - 0 5  -.04 - 0 0  

"03 -.02 .O2 "01  
1.05 1 - 0 5  1.06 1.07 

"04 -.07 -.09 -.15 
-.18 -.15 -.or -.or 
"06 -.03 .06 e 1 1  

1.06 1.09 1.06 1.06 
-.02 -.02 -.01 .oo 
- .OR -.07 -.03 -.14 
"12  -.15 - .OS - .06  

- 0 1  - 0 6  .09 .09 

-.02 ..oo -.oo .oo 
1.03 1.00 1.01 -99  

-.12 -.15 -.15 -.20 
- . O R  .01 -.01 .02 

- 0 0  .04 .05 .O4 

1.03 1.00 1.00 .Ye 

"12 -.14 "13 "20 
.O? -.01 -.02 -.01 

" 0 5  "04 " 0 1   - 0 3  
- 0 2  "03 -02 - 0 3  

R E  6.05 
UINF- 42.3 WSEC 
X/D= 9.63 

PHI=  18.0 DEG 

R =  6.05 
UINF= 42.3 W/SEC , 
X/D= 9.63 

PHI= 16.0 DEG 
Z/D=  11.50 

Z/D. 11.50 

R= 6.04 
UINF= 42.2 WSEC 

2/D= 11.50 
n/D= 11.93 

PHI=  17.0 DEG 

UINF= 42.2  WSEC 
R= 6.04 

X / O =  11.93 
Z/D= 11.50 
PHI=  17.0  DEG 

R: 6.04 
UIkf= 42.4 WSEC 
X/D=  14.02 

PHI=  15.0 DEG 
Z/D= 11.50 

R= 6.04 
UINF= 42 .5  WSEC 

Z/D=  11.50 
X / O =  14.02 

PHI=  15.0 DEG 

R= 6.05 
U l k F =  41.9 WSEC 
X/D= 18.08 

PHI=  14.0 OEG 
Z/D=  13.50 

U IhF=  41.9 M/SEC 
i3= 6.05 

X / D =  18.00 
Z/D= 13.50 
PHI=  14.0 DEG 

x 
c3 

TABLE C1.- Continued 

(dl R = 6. 



CONDITIONS 
TEST 

R= 6.08 
U'INF. 52.7 M/SEC 
X/D=  14.02 
Z/D= 11.50 
P H I =  15.0 DEG 

R =  6.06 
U I N F D  52.8 H/SEC 
X/D= 14.02 
Z / D =  11.50 
P H I .  15.0 DEG 

U B / U I N F  
V B / U I N F  
YIJ/UINF 

CP 
CPT 

U R / U I N F  
VBdU I NF 
U B / U I N F  

CP 
CPT 

U B / U I N F  
V B / U I N F  
wH/UINF 

CP 
CPT 

U B / U I N F  
VB/UINF 
U R / U I N F  

CP 
CPT 

UB/U I NF 
VR/UINF 
U R / U I N F  

CP 
CPT 

U R / U I N F  
VB/UINF 
U R / U I N F  

CP 
CPT 

U B / U I N F  
V B / U I N F  
Y B / U I N F  

CP 
CPT 

ZR/D 

-1.5  -1.0  -0.5 0.0 0.5 1.0  1.5 COMDITIONS 
TEST 

n= 7.04 
UINF: 44.0 H/SkC 
X/D= 1.95 

P H I =  42.0 DEG 
Z/U= 7.00 

R: 7.04 
U I k F =  44.1 h/SEC 
X/U= 1.95 
Z/D= 7.00 
P H I =  42.0 DEG 

n= 7.04 
U I N F =  43.8 H I S E C  
x / D =  5.95 
Z/D= 1o.no 
P H I =  77.0 D t G  

R =  6.97 
U I h F =  43.7 W S E C  
X/b= 5.94 
Z/D= 10.00 
P H I =  27.0 IjEG 

n =  7.03 
U I W =  45.1 W S E C  
A / G =  9.92 

P H I =  20.0 DEG 
Z / U =  12.48 

R =  7.03 
U I N F =  45.0 W S E C  
X/D= 9.92 
Z/D= 12.48 
P H I =  20.0 DEG 

R= 7.01 
U I N F =  45.3 H I S E C  
X/D= 13.8@ 

P H I =  17.5 DEG 
L I D =  13.95 

R= 7.01 
U I N F -  45.3 M/SEC 
X/G= 13.88 
Z/D= 13.95 
PHI: 17.5 DEG 

TABLE C1.-  Continued 

H 
X 
0 

( d l  R = 6. Concluded. 



R= 8.01 
UINFE 30.8  H A E C  
X/D= 1.80 

PHIS 52.0 DEG 
Z/D* 7.95 

R =  8.01 

X/D= 1.80 
UINF. 30.9 H/SEC 

Z/D= 7;95 
PHI= 52.0  DEG 

U I W =  30.8 H/SEC 
R= 8.02 

X/D= 2.00 

PHI= 44.7 DEG 
Z/D= 6.75 

R= 8.01 
UINFI 30.9 H/SEC 
X/D= 2.00 

PHI= 44.7 DEG 
Z/D= 6.75 

R= 8.04 
UI N F Z  31.6 H/SEC 
X/D= 14.00 
Z/D= 15.30 
PHI= 20.0 DEG 

R= 8.05 
UINFS 31.6 M/SEC 
X/D= 14.00 

PHI.  20.0 DEG 
Z/D= 15.30 

R= 8.06 
UINF= 38.3 C(/SEC 
X/D= 2.03 
Z/D= 6.75 
PHI= 45.0 OEG 

R= H.05 
UINF. 38.6 M/SEC 
X/D= 2.03 

PHI= 45.0 DEG 
Z/D= 6.75 

7R/D 
m- 

ZR/D 
TEST 

-1.5  -1.0 -0.5 0.0 0.5 

-.02 "02 .16 .15 .14 
1.29 1.34 2.31 2.58 1.85 

-2.01 -1.79 -2.19 -1.73 -1.17 
-80 -40 -13 .26 .20 

-e70 -e82 2.27 4.13 1.33 

1.05 1.30 2.40 ?.A5 1.73 
.13 .17 .21 .15 .20 

-1.32 -1.80 -2.31 -2.41 -1.11 
-90 -26 a 1 1  -26 -22 

-.39 -1.02 2.60 4.97 e98 

1.0 - 
.76 
.03 

-.11 
-.17 
-.57 

.63 

-.02 
.02 

"16 
"46 

1.5 

1- 
.49 UB/UINF 

-.42 WB/UINF 
.ll VWUINF 

-.15 CPT 
.41  CP 

-49 UB/UINF 
.01 VB/UINF 

-e47 WB/UINF 
.44 CP 

- e 1 1  CPT 

UB/UINF 
VB/UINF 
WB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
WB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
WB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
WB/UINF 

CP 
CPT 

UH/UINF 
VB/UINF 
WB/UINF 

CP 
CPT 

URIUINF 
VH/UINF 
WB/UINF 
CP 
CPT 

-t 
-1.5  -1.0  -0.5 0.0 0.5  1.0  1.5 COFtUITlONS 

-92 -91 -92 1.52 2.58 2.Al 1.68 R =  8.03 
-.13 "18 -a19 .10 .06 .08 .08 UINF= 38.4 H/SEC 
1.27 1.43 1.08 .55 .72 .70 .45 X / D =  2.00 
-2.54 -2.16 -1.35 -7.3R -2.59 -2.61 -1.39 Z/D: 6.75 
-1.05 "23 -.88 -.74 3.79 5 . 0 3  .bb Ph1- 44.7 DEG 

-77 1-14 -92 1.34 2.70 
"12 "16 - 0 0  -05 .ll 

-1.74 -3.27 -2.09 -2.30 -2.62 
1.36 1.17 1-09 .58 .67 

"25 -1.56 -1.05 -1.16 4.33 

1.43  1.31  1.72  2.59  2.26 

-2.11  -1.85 -lab7 -2.09  -1.54 
.A5 -54 - 2 0  .1H .29 

.40  3.79  2.76 

-..01 -.02 .13  .07 .oo 

- . 3 4  - .e3 

-.12 -.01 
1.41 l.lb 

.R4 .64 
-2.28 -1.64 - 
-.56 -.89 

1.15  1.22 
.09  .10 

-1.81  -1.55 - .9Y  .70 

-.48  -.55 

1.11 1.22 
-.13 SO6 
-91 .59 

-92  7.63 2.1H 
.01 .06 - 0 2  
-21 .1Q .2b 
-94 -2.22 -1.27 
-84 3.89 2-61 

.74  2.50  2.40 
-15 .10 -06 

.77  -1.83  -1.54 

.13  .19  .21 

.33  3.5R  3.41 

-76 2.65  2.29 
.ll .08 .ll 
.23 .I7 .24 

2.72 
.13 

-2.25 
.77 

5.00 

1.21 
.O8 
04 

-.56 
- . O R  

1.63 
.Ob 

-1.19 
. *h  

74 

.45 

-.46 
07 

"14 
.44 

1.10 
.03 

-.01 
-.49 
-.27 

1.39 

.03 
-e67 
.29 

1.08 
.08 

-.43 
.12 

-.23 

.09 

" 0 6  
1.73 

-.57 
.ll 

1.47 

-.Oh 
1.52 

"65 
*os 

.b9 

.4b 

-.34 
e 0 5  

-.2Y 
.35 

. b4 

. I 2  
"26 
.ll 

-.39 

.52 

-e40 
-04 

"23 
.34 

1.18 . 0 2  
- . O Y  
-.27 
.13 

.91 
-.04 
-.11 

-.I5 
.01 

7: 8.02 
J I N F =  38.4 C/SEC 
R/D= 2.00 
Z/D= 6.75 
aHl= 44.7 DEG 

7: h . 0 5  
JIkF- 38.6 H/SEC 
K I D -  2.00 
Z/D= 8.00 
>HI= 51.9 DEG 

4= 8.06 
JINF- 38.6 W S E C  
K/D= 2.00 
z /o= P . 0 0  
aHI= 51.9 DEG 

4- 8.03 
J I N F =  3n.0 Y / S C C  
x/U= 2.00 

PHI= 52.2 UEG 

R =  P.03 
U I N F =  38.5 Y/SEC 
x / o =  2 .00  
Z / D =  6.00 
PHl= 52.2 DEG 

Z/D= H.00 

R =  8.05 
UI N F I  3R.H MlSEC 
X / C =  3.69 
z/u= 9.41 
PHI= 41.Y DEG 

H =  M.03 
UINF- 313.7 C/SEC 
X/U- 3.69 
z / u =  9.41 
PHI= 41.3 DEG 

* 
'd 
'd 

z M 

tJ 
H sc 
c) 

TABLE C1.-  Continued 

(f) R = 8. 



I TEST 
CONDITIONS CONDITIONS 

TEST 
7 P / P  I 

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 - 
J B / U I N F  
JB/UINF 
dR/UINF 

CP 
CPT 

d B / U I N F  
VB/UINF 
WB/UINF 

CP 
CPT 

U B / U I N F  
VB/UINF 
WB/UINF 

CP 
CPT 

U 8 / U I N F  
VB/UINF 
WB/UINF 

CP 
CPT 

UB/UlNF 
VR/UINF 
W@/UINF 

CP 
CPT 

.99 
-.oo 

-1.10 
.R1 

- .46 
. n9 

-.04 
. 8 5  

-90 
.02 
.58 

- .f l9 
-.73 

1.00 
.os 
-52 

-.OA 
1.25 

- .9v 
.E7 

- . 3 4  

1.01 
- 0 9  
.?4 

1.7? 
.Oh 

-.94 
.22 

1.10 

1-76 
.05 
.?9 

-.02 
1.71 

-.A4 
.2q 

1.21 

1 .b2 
.02 
.25 

1 .47 
.07 

-.43 
.12 

.76 

1.32 
. 0 7  . lb 

.91 

.04 
-.12 
-.04 
-.20 

.99 

"07 
.u1 

R =  8.04 

X/U= 9.96 
Z/D= 13.50 
PHI: 23.0 DEG 

U I N F s  39.3 H/SEC 

R =  8.03 
U I N F =  39.3 H/,SEC 
X/D= 9.96 
Z/D= 13.50 
P H I =  23.0 DEG 

H Z  8.05 
U I N F =  3R.9 n/SEC 
X / U =  11.98 
Z / U =  14.00 

R =  8.04 
U I N F =  38.0 M / S E C  
X / D =  3.79 

P H I =  35.0 DEti 
z / u =  9.97 

I R =  8.04 
U I N F I  38.1 M / S t C  
X /D=  3.79 
Z / D =  9;97 
P H I =  35.0 UEG 

I?= 8 . 0 5  
UINF; 3H.4 M/SEC 
X / D =  6.05 

P H I =  30.0 D € G  
L / D =  11.00 

U I N F -  38.3 P / S t C  
I?= 8 .08  

X / D =  6.05 
Z/D= 11.00 
P H I =  30.6 D E 6  

n= 8.04 
U I N F =  3R.9 M / S t C  
X / D =  6.53 
Z/U. 11.35 
P H I =  30.0 GEG 

.n6 -1.04 - . 4 0  -.12 

.lH 1 - 3 9  -40 -.14 

.27 1.43 1.44 1.28 

.03 -07 .Ob .OH 

.14 .I1  .12 . o o  

.35 "31 -.El "09 

.31 .7b .90 .56 

- . Q O  -"+6 -1.04 - 
-.38 -.68 . 0 3  

-.07 -.02 -.a7 
1.02 1.07 1.01 

-.65 "48 -.?a 
.71 .s4 .39 

- .ns  -.04 -.05 

1 
1 

1 

-,28 

1.02 
.02 
.55 

-.70 
-.35 

-.01 
1.03 

.31 

"32 
-.48 

.95 
"04 
.79 

-.42 
-.43 

1.05 

-.28 
-76 

-.11 

1.03 

.nl 

"06 

-.12 

1.02 
.01 
.47 

-.49 
-.23 

"04 
1 .oo 

.28 

-.20 
"29 

1.06 
-.05 
.23 

-.44 
-.25 

" 0 4  
.A6 

"13 
.18 

-.35 

1.03 
- B O 3  

-.2R 

1.00 
"04 
.34 

"36 
"23 

-. 04 .99 

-.33 
.03 

-.34 

1.06 
-.04 
.10 

-.35 
-.71 

-.01 
1.01 

-.13 
.13 

- . O R  

.95 
-.06 

-.29 

1.14 
. O ?  
.15 

-.41 
" 0 7  

-.OR 
1.05 

.O1 

-.18 
-.?E 

1.11 
-.oo 

- 0 4  
"29 
-.OS 

-.01 
1.00 

-.11 
.oo 

-.lo 

-.07 
-96 

-.06 

1.16 
-.01 
.06 

-.38 
-.03 

-.01 
1.14 

-.2R 
.01 

. 07  

1.11 
"03 
-.03 
"23 
.nz 

-.n2 
1.07 

-.02 
-.04. 
.12 

1.11 
"03 

.26 

1.20 
.Ol 
.oo 

"26 
.18 

1.16 
.Ol 

-.03 
-.25 
.ll 

1.03 
-.01 
-.08 
-.17 
-.IO 

1.09 
.02 

-.07 -. 07 
.13 

1.09 
"04 

.oo 

-.01 
1.09 

-.08 
"16 

04 

1.07 
"03 
"09 
"19 
" 0 3  

1.OR 

-.12 
-03 

"23 
"03 

-.oo 
1.07 

- . O R  
"05 
.10 

1.06 
- . 0 1  

, P H I =  21.0 DEG 

R =  8 . 0 6  
U I N F =  38.9 H/SE( 
X / O =  11.98 
Z / D =  14.00 
PHI= 21.0 DEG 

': R =  '8.07 
U I h F =  39.4 M/SEI 

1.13 
.03 

"72 
.67 

.02 

1.15 
.05 
.56 

-.94 
-.P9 

-.02 
1.OY 

- .59 -51 

"14 

1.01 
-.01 
.48 

-.66 
"41 

1.09 
.oo 
.31 

-.03 
- 2 2 

1.04 
.n3 
-24 

- . b o  
-.45 

1.19 . n7 
-.35 
.22 

.l? 

1.13 

.l l  
- . 4 5  
-.1s 

.n4 

1.57 
.03 

-.53 
.15 

1 .no 

1.46 
.04 

-.4s 
.69 

. n6 

1.55 
.07 

-.31 
.ll  

1.15 

1.40 
.01 
.03 

-.3H 
.59 

1 e34 
.ll 

-.31 
.02 

.51 

-.01 
1.09 

-.04 ' 

-.04 
.I4 

X/D= 1 4 . 0 0  

P H I -  20.0 DEG 
Z/D= 15.30 

I?= 8.02 
U I N F =  39.4 n/SEl 
X / D =  14.00 
Z / D =  15.30 
P H I =  20.0 OEG 

R= 8.04 
U I k F E  39.0 H/SE' 
X/D: 18.14 
Z/D= 16.50 
P H I =  18.0 DEG 

UINF= 39.0 WSEC 
I?= 8 . 0 4  

Z / D =  11.35 
PHI- 3n.o D E G  - . 3 3  

1 -.R7 -.49 
- . 3 8  

-.05 
1.06 

-'. 68 .33 

-.45 

.93 
-.lo 
.43 

-.36 
"31 

-, 64 
-e41 

-.02 
1.07 

-.53 
.18 

-.36 

I .nt) 
-.OS 
.22 

-.55 
-a32 

-.54 
.27 

1.23 

-.46 
.10 
. 0 2  

.ob 

1.22 
-.01 

.12 
"52 
-.on 

-.52 
.SO 

- . 0 3  
1.42 

-.49 
.07 

.54 

1.34 
-.04 
.08 

"41 
.4E 

-.46 
.77 

1.25 
.04 

-.3R 
.05 

.20 

1.24 
.OP 

"29 
-.01 

.25 

-e17 
3b 

1.24 
.01 

-.04 
"26 
.30 

1 .Zl 
-.oo 

-.35 
.13 

-.Ob 

U B / U I N f  
V B / U l N f  
UR/UINf  

CPT 
i CP 

U I N F Z  39.0 M/SEC -.07 
R =  R.05 1.02 

X / D =  7.69  .54 
L / U =  12.49 
P H I =  26.0 DEG -.35 

-.69 

U I N F Z  39.0 M/SEC -.04 
R =  8 . 0 5  1.08 

x / O =  7.69 
Z / D =  12.49  -.67 

.62 

UB/UINf  
V B / U I N f  
WB/UINI 

CPT 
CP 

.I 

TABLE C1.-  Continued 

(f) R = 8. Concluded. 



COhDITIONS 
TEST 

R =  10.03 
UIhF= 24.5 M/S€C 
X/D=  2.00 
Z / D =  9.50 
P H I =  57.4 DEG 

R =  10.03 
UI N F E  ?4.5 M/SEC 
X / D =  2.00 

PHI= 57.4 D E G  
Z/U= 9.50 

R =  10.06 
UlhF= 25.2 M/SEC 
X / D =  14.03 
L / D =  17.50 
PHI= 25.0 DE6 

UIlvFE 25.2 M/S€C 
R =  10.07 

X / D =  14.03 
L/D= 17.50 
P H I =  25.0 OEG 

R= Y.99 
UINF- 30.8 M/SEC 
X/D=  2.00 
Z/D= 9.50. 
P H I =  57.4 D ~ G  

R= 9.99 
UlNF- 30.6 M / S t C  
x / D =  2 . 0 0  
Z / D =  9.50 
PHI= 51.4 D E 6  

R =  9.98 
U I N F Z  30.5 M/SEC 
X/D= 4.00 
Z/G= 11.48 
'HI= 41.0 DEG 

rl= 9.98 
U I N F =  30.6 w s c c  
x/o= 4.00 
Z / D =  11.48 
PHl= 41.0 D E 6  

7 ~ / n  Z B / D  

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 
TEST 

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 CONDITIONS 

1.86 1.60 2.2R 3.12 2.97 2.08 
-07 -12 .24 .25 .21 .23 

-2.75 -2.65 - ? . P O  -3.29 -2.51 -1.96 
a 5 2  ~ 4 2  .16 .ZO .33 .36 

-.01 -.8fl 1.54 5.66 5.60 1.56 

1.51 1.67 2 . 0 3  3.02 3.02 1.95 
. O H  .IS .I? .21 .14 .15 

-7.53 -2.41 -2.57 -?.h5 -2.77 -1.51 
.72 -50 .08 .14 ,29 .24 

"13  -.33 .60 5.4P 5.59 1.38 

-94 UB/UINF 1.15 
s o 0  VB/UINF -.11 

-.I2 UBIUINF' .55 
-.57 CP -1.20 - 
"66 CPT -.S5 

1- 1 0  UB/UINF 1.06 
.I7 VB/UINF "02 
-00 WB/UINF .SA 

-e73 1 'CPT -.6R 
-.97 CP -1.13 

.q7 1.01 1.04 1.17 1.31 1.16 
-.11 . O b  .13 .IO .04 .13 
.2b .14 .13 . o o  -.04 . 0 1  

-.43 -.Sh -.40 -.4s -.47 -.?5 
-.40 "51 -.29 -.Oh .?6 . I 1  

1.61 1 
.1A 

-2.46 - .76 

"24 

1.39 
.05 

1 

- 2 7  2.06 2.88 3.04 1.69 .H5 
.I5 .21 .?& .1P .15 . O R  
a73 -17 .12 . 3 0  .32 .08 
.82 -2.61 -3.01 -7.34 -1.43 "46 
-64 -76 4.49 6.?0 .57 "73 

-40 1.95  3.03  3.13  1.76  1.18 
-10 -16 .?6 

.90 .55 .23 . I 1  
- z . o &  -2.05 -2.18 -3.00 

- . 3 3  - . l l  .74 5.47 

-.n7 .09  -.04 .07 
1.44  1.36  1.50 1.P9 

-1.93  -1.4H  -1.49 -1.hH 
.77 -68 .42  .31 

-.23 -.IS -.Oh 1.01 

- . I 1  . O ?  .01  .07 
1.38  1.07  1.42  1.74 

.72  .74 .40 .34 
-2.14 -1.23 -1.67  -1.51 

- . ? I  "53  -.48  .h7 

.25.  .17 

.27 .29 
-3.01 -1.18 
b.14 1 - 0 3  

2.20 2.15 

.33  .31 

.03 .12 

-1.60  -1.32 
2.42  2.45 

2.21 2.24 
.n3 .09 
.30 .35 

-1.45 -1.56 
2.57 2.64 

-15 
. 0 3  

-.86 
-.43 

lib2 
-so3 
.37 

-.Y9 
.77 

1 . 6 9  
.09 
.I4 

-1.16 
-76 

1.14 
.Ob 

.1.07 
.44 

-.57 

1.15 
.or 
.48 

-.94 
-.37 

1.26  1.41  1.69 
.os .ll .oo 

-.77  -1.00  -1.01 
.Z6 .I7 -16 

"12 .04 -91 

1.23 1-40 1.84 
.07 .02 .19 
.32 .18 .13 

-.89 -.A2 -1.23 
-.28 .I8 1.24 

1.85 
.09 

"86 
.17 

1.64 

1.70 
-04 
.11 

-.98 
.95 

1.56 
.I1 

-.a7 
.OS 

- 6 0  

1.59 
-16 
.os 

-.8b 
e71 

UB/UINF 1.10 1.04 .98 1.78 1.45 1.59 1.64 
VB/UlNF .15 .01 .08 . 0 2  .04 .03 .05 
WB/UINF .54 .51 .45 .18 .05 .lo .04 

CPT' 

UB/UINF 
VB/UlNF 
WB/UINF 

CPT 
CP 

UH/UINF 
VB/UINF 
wB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
WB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
wB/uIIUF 

CP 
CPT 

UB/UINF 
VR/UINF 
WB/UINF 

CP 
CPT 

-.02 
1.12 

.55 

-.3b 
-.94 

1.08 -. 04 
.55 

-.03 
1.03 

.52 

-.33 
-.b6 

1.11 
.03 

-.05 
1.09 

.30 

-.35 
-. b4 
1.11 
.01 
-26 

1.20 
-04 

-.59 
.16 

-.12 

.97 

.ll 

.25 

.56 -93 

.61 1.54 

.05 .07 

.09 .08 

.73 "60 

.87 .01 

.z4 1.33 

.l l  .03 

.53 

1.41 
-04 
. 03  

-.52 
65 

1.44 
.07 

-.02 -.ob .02 
1.01 .8fl .97 

-.55 -*49 -.40 
-53  -39 .27 

"25 -a56 -.39 

.93  .54  1.08 

.65 - 5 1  .20 

.03 .07  .03 

-.43  -.51  -.53 
"15  "35 -.32 

1.15 1.30 1.19 1.40 
.o* .09 . 0 8  .02 

-.47 -.42 -.29 -.45 
.16 .03 .01 "02  

- . I2  .28 .15  .53 

1.70 1.18 1.31  1.33 
.OA -11 - 0 3  - 0 2  
.12  .04 .01 "07 

"45 "30 "36 "48 
-01 - 1 1  - 3 6  - 3 0  

R= 9.99 
UINFS 30.6 M/SE( 
X/D= 6 . 0 6  

PHI: 34.8 DEG 
Z/D= 13.50 

R= 10.00 
U I N F =  30.7 M/SE( 
X / O =  6.06 
2/05 13.50 
P H I =  34.8 DEG 

R= 9.99 
UINF= 31.3 H/SE( 
x /D= 7.99 
Z/D= 14.50 
P H I =  31.0 DEG 

n= 9.99 
UINF= 31.3 M/SE( 
x /o=  7.99 

PHI '  31.0 DEG 
Z / D =  14.50 

n= 9.98 
UINF= 31.4 H/SE( 
X /D=  10.16 

P H I S  28.0 DEG 
Z/D= 15.47 

R;: 9.98 

X/D= 10.16 

P H I '  28.0 DEG 
Z/D= 15.47 

R= 9.97 
UINF= 31.3 H/SEC 

Z/D= 16.50 
X / D =  12.11 

P H I =  25.0 DEG 

R= 9.98 

X / D =  12.11 
U:NF= 31.3 M/SEC 

P H I =  25.0 DEG 
Z/D= 16.50 

UINF= 31.4 H/SE( 

-I 

TABLE C1.- Continued 

(g) R = 10. 



CONDITIONS 

UINF= 31.6 H / S E C  
X / D =  14.03 
Z / D =  17.50 
P H I =  25.0 DEG 

R= 1 0 . 0 0  
UINF= 31.7 H / S t C  
X / O =  14.03 
Z/D= 17.50 
P H I =  25.0 DEG 

TABLE C1.  - Concluded 

UB/UINF 
VB/UINF 
WBlUINF 

CP 
CPT 

UB/UINF 
VB/UlNF 
WB/UINF 

CP 
CPT 

(g> R = 10. Concluded. 



\ 
TEST 

Z H / D  

CONDITIONS -1.5  -1.0  -0.5 0.0 0.5 1.0  1.5 

R =  3.20 .78 
U I N F =  33.5 M/SEC .1b 
x /o=  2.00 14 

P H I '  P2.0 DEG -.76 
Z / D =  2.00 -.42 

R =  3.17 . b6 
U I N F Z  33.5 M/SEC .04 
x/o= 2.00 
2/D= 2.00 

e17 

PHI= 22.0 DEG 1 -.R5 
-.32 

R= 3.23 
U I k F =  34.4 M/SEC 
X/D= 6.00 

P H I =  1?.9 DEG 
Z / D =  3.00 

R =  3.20 
U I N F S  34.4 M/SEC 
X / O =  6.00 

PHI= 1T.9 DEG 
Z/D= 3.00. 

U I N F =  34.4 M/SEC 
R =  3.16 

X / D =  8 .00 
Z / D =  3.00 
P H I =  13.0 OEG 

R =  3.14 
U I N F E  34.5 M/SEC 

P H I =  13.0 DEG 
Z/O= 3.00 

I?= 3.21 
U I N F Z  34.4 M/SEC 
X/D=  14.00 
Z / O =  4.50 
P H I =  6.0 DEG 

R =  3.20 
U I N F =  34.5 M/SEC 
X/D=  14.00 

P H I =  8.0 DEG 
Z/D= 4.56 

x /o=  8:oo 

.R1 

.02 

-.lo 
.13 

-.43 

* 77 
.ll 
.13 
-.lo 
-.48 

.90 

-.02 
.os 

-.21 
"40 

.98 

-.O2 
- 0 7  

-.12 
"16 

.95 

.09 

-.20 
.13 

"26 

.97 
- 0 6  
.ll 

"23 
-e26 - 

.53 .49 .4? .3? 1.93. 1.38 
- 0 1  - so9  .03 - .01 .12 .05 
- 8 0  1.03 - 6 4  -30 .32 e42 

-.49 -.HE -1.35 -1.OR -1.77 -.57 
- a 5 8  - .SO -1.76  -1.88 1.10 .52 

a52 - 5 7  - 3 0  . ? O  1.97. 1.45 
"02 - 0 9  . O O  -.13 .10 .OR 

- 8 0  - 8 1  e59 - 3 9  - 3 1  e46 
-e40 -1.49 -1.33 -.94 -1.91 -.52 
"48  -1.51 -1.R9 -1.73 1 - 1 2  a82  

.98 

.12 

-.39 
.23 

"36 

.Ob 

.84 

.22 
"30 
-.55 

.93 

. O ?  

-.1b 
- 0 9  

" 3 0  

1.01 
.01 

-.26 
.04 

"23 

- 9 0  
.12 

- . l o  
.14 

-.25 

.81 

.12 
- 1 6  

- . 0 6  
-.37 

- 7 7  - 6 8  .52 
.01 - .os -.01 

-.42 "49 -.34 
.40 .35 .2R 

-a66 -.R9 -1.00 

. o o  - . 0 3  -.02 
- 7 7  a.73 .63 

e44 .3R .24 
"26 -.47 -.42 
"47 -.79 -.96 

.85 .77 .75 
- 0 5  .O?  . 0 1  

-.13 -.17 - . E P  
.25 .35 .E8 

-.3* -.45 - . t 3  

.90 - 7 4  .76 
-02 - 0 4  - . O O  

-.16  -.17 -.31 
. 2 2  .34 ,?O 

"29  -.51  "70 

,874 . P 5  .R1 
- 0 1  SO6 "00 

-.21 -.23 - . l 6  
- 0 7   - 1 2   . 0 5  

-.44 -.48 -.so 

.89  .79 .R9 

.02 -.o* .02 

.13 - 1 1  - 0 7  
"25 -.PO -.27 
-.44 -.56 -.48 

.69 

.04 

-.36 
15 

-.86 

.67 
-.02 

.14 
-.35 
-.88 

-.01 
- 7 1  

-.31 
.24 

-.74 

- 6 8  
-.01 

.10 
"24 
"76 

-.02 
.90 

-.20 
. 0 1  

-.39 

.93 

.03 
-03 

-.20 
- . 3 4  

1 a03 
.oo 

-.Oh 
"41  
-.35 

- 0 4  
.9Y 

"04 
"41  
-.43 

-.04 
- 6 7  

-.21 
.10 

-.75 

.88 

.01 
.oo 

"37 
-.59 

.94 
-03 

-.02 
-.20 
-e30 

.95 

.oo 

-.17 
-.OB 

"27 - 

-1 
-I 
4 

4 

UB/UINF 
VB/UINF 
Y R / U I k F  

CP 
CPT 

UB/UINF 
VB/UINF 
YE/UINF 

CP 
CPT 

UB/UINF 
VE/UINF 
WE/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
YB/UINF 

CP 
CPT 

UE/UINF 

WB/UINF 
VB/UINF 

CP 
CPT 

U E / U I N F  
VB/UINF 
YB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
YB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
YB/UINF 

CP 
CPT 

Z 6 / D  

-1.5 -1.0 - 0 . 5  0 . 0  0.5 1.0  1.5 

,1.74 
.94 

1.91. 
- 0 7  

CONDITIONS 
TEST 

R =  3.18 
U I N F =  51.3 H/SEC 
x/D= 2.00 

P H I '  22.0 DEG 
2/D= 2.00 

R= 3.14 
U I N F =  51.2 H/SEC 
x/o= 2.00 
Z/D= 2.00 
P H I =  22.0 DEG 

R= 3.17 
U I ) r F =  51.6 W S E C  
X/D=  4.00 
Z/D= 2.50 
P H I '  16.0 DEG 

U I N F =  51.7 H/SEC 
R= 3.15 

X/D=  4.00 
Z/O= 2.50 
PHI: 16.0 DEG 

R =  3.19 
U I N F =  52.5 H/SEC 
X/D= 6.00 
Z/D= 3.00 
P H I "  1P.9 DEG 

R =  3.17 
U I N F =  52.7 W S E C  
X/D= 6.00 
Z/D= 3.00 
P H I =  12.9 DEG 

R =  3.15 
UINF= 52.8 WSEC 
X/U= 8.00 

P H I =  13.0 DEG 
Z / D =  3.00 

R= 3.19 
U I N F =  52.5 W S E C  

Z/D= 3 . 0 0  
X/D= 8.00 

P H I -  j3.0 DEG 

TABLE C2 .- SYMMETRY PLANE VELOCITIES AND PRESSURES, VORTEX  CURVE 

(a) R = 3. 



TEST 
ZB/D 

CONDITIDNS -1.5  -1.0  -0.5 0.0 0.5  1.0  1.5 

I R =  ' 3.16 
UINF. 52.8 M/SEC 

z/o= 3.48 
X/D= 8.00 

P H I =  11.0 DEG 

R =  3.16 
UINF= 52.9 M/SEC 
X/D= 8.00 
Z/D= 3.48 
P H I =  11.0 DEG 

R= 3.18 
UINF- 53.3 M/SEC 
X/D= 9.48 
Z/D= 3.15 

l p H 1 =  DEG 
R =  3.18 
UINF-  53.1 M/SEC 

l Z / @ =  3 . 1 5  
x /o= 9.48 

PHI- '  10.0 DEG 

! R *  3.11 

~ X / D =  12.00 
UINFZ 53.0 M/SEC 

P H I =  9.0 DEG 
Z/D= 4.00 

- ' lR= 3.17 

/X/D= 12.00 
UINFZ 53.0 M/SEC: 

'PHI= 9.0 DEG 
2/01 4.00 

I 
I+= 3.11 
UINF-  52.6 M/SEC 

! Z / D =  4.50 
X/D= 14.00 

' P H I =  R . 0  DEG 

iUINF= 52.7 M/SEC 
I R =  3.18 

X/D= 14.00 
Z/D= 4.50 

/PHI= 8.0 DEG 

.85 .81 
- 0 5  .06 

"13 "24 
.13 .20 

-.38 -.44 

.82 .91 

. 07  .02 

.13 .22 
-.09 -.24 
-.39 " 3 1  

.94 .91 

.04 .08 

-.20 -.21 
.I1 .20 

-.31 -.33 

.94 

.05 
-13 

"24 
-.l6 

-97 
.os 
- 0 6  

-.I5 
-.21 

.R3 

. o s  
-23 , 

"36 
-.11 

-86 
.os 
.17 

-.11 
-.33 

-.01 -.02 - .os - . o o  
-19 .16 .68 .19 

"28 " 3 4  -.26 -.29 
.25 .21 .21 .os 

"60 - .72 -.75 -.66 

-87 -16 -71 -11 
.01 .01 -.02 -.02 
.32 -30 -23 -03 

"29 - .31  -.26 -.23 
"43  "64 - . l o  - . 1 3  

- 8 5  .78 .14 .82 I 

.01 .01 -.02 .01 

"26 "26 -.24 -,22 
-24 .23 .08 -04 

"48 "60 -.69 -.54 

.a2  .76 . 7s  

.01 -.03 - . 0 2  
-25 -23 -15 

"46 -.53 - .SA 
-.19 -.17 -.11 

.85 -83 .76 
-02 "07 -.01 
~ 1 8  -23 -13 

-e11 -.l6 "16 
-.41 -.41 - .57 

-.oo 
.94 

-.Ol 
-e24 
-.35 

1.07 

-.Ol 
.oo 

-.35 
-.20 

-91 
.oo 

- . o s  
"19 
"36 

UB/UINF 
V W U I N F  
YB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
YB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
YB/UINF 

CP 
CPT 

" 0 0  e01 ' VB/UINF 

-.48  -.39 ' CPT 
-.22 -.13 CP 

.a6 .a6': UWJINF 

.ai -.04' YE/IJI~F 

-84 .90. UB/UINF 
-.01 -a01 d VB/UINF 
"02 WB/UINF 
-.16 -.19' CP 
-.45 "36 CPT 

-.13 
.12 

-.31 

1.00 

-.22 
.09 

-.21 

.os 
I UB/UINF 
.VB/UINF 
WB/UINF 

CP 
.( CPT 

ZB/D 
~~ 

.1.5  -1.0  -0.5 0.0 0.5  1.0  1.5 

1 

:ONDITIONS 
TEST I 

I 
a= 3.17 
JINF= 51.8 W S E C  1 
K/D= 18.00 
Z/D= 5.00 
P H I =  1.1 DEG 

R= 3.16 
UINFr 51.9 WSEC 
x/D= 18.00 
Z/D= 5.00 
P H I =  1.1 DEG 

R =  3.15 
UINF= 52.2 WSEC 
x/D= 25.00 
Z/D= 6.00 
P H I =  10.0 DEG 

R =  3.15 
UINF= 52.2 M/SEC 
x/D= 25.00 I 
Z / O =  6.00 

TABLE C2.- Continued 

(a)  R = 3 .  Concluded. 



" 

CDNDITIONS 

R= 4 . 1 3  
U INF=  25.0 W S E C  
X/D= 2.03 

P H I =  28.0 DEG 
Z/D= 2.50 

R= 4 . 1 3  
U I N F S  25.0 H/SEC 

Z/D= 2 . 5 0  
X/D= 2.03 

' P H I =  28.0 DEG 

' R= 4.21 
' U l N F =  25.2 M/SEC 

X/D= 6 .00  
Z/D= 4 . 0 0  
P H I =  17.0  DEG 

UINFX 2 5 . 1  M/SEC 
I?= 4 . 2 3  

X/D=  6 .00  
Z/DS  4.00 
P H I =  1 7 . 0  DEG 

R= 4 . 1 9  
U I N F Z  25.8 W/SEC 
X/D=  14.00 

P H I =  1 0 . 5  DEG 
Z / D = -  6 . 0 0  

R= 4 . 1 6  
UINFX 25.9  M/SEC 
X / D =  14.00 
Z / D =  6 . 0 0  
P H I =   1 0 . 5  DEG 

R= 4 . 1 3  

X/D= 2.03 
U I N F S  38.3 M/SEC 

P H I =  28.0 DEG 
Z/D= 2 . 5 0  

R= 4.14  
UINF= 3 8 . 2  W S E C  
X/D=  2 . 0 3  
Z/D= t . 5 0  
P H I =  28.0 DEG 

Z R / D  

- 1 . 5   - 1 . 0  -0.5 0.0 0.5  1 .0  1 .5  CDNDITIONS 
TEST 

R =  4 . 2 0  
U I N F -  38.4  W S E C  
X/D= 6.00 
Z/D= 4.00  
P H I =  1 7 . 0  DEG 

R =  4 . 1 8  
U I N F =  38.4  M/SEC 
X/D= 6.00 
2 /D= 4 . 0 0  
P H I =  17.0 DEG 

R= 4 . 0 1  
UINF- 3 9 . 5   W S E C  

Z/D= 4 . 5 0  
x/D= 8.00 

P H I '   1 4 . 0  DEG 

H =  4 . 1 4  
U I N F =  3 9 . 6   W S E C  
x/D= 8.00 

P H I =  14.0 DEG 
Z/D= 4 . 5 0  

TABLE C2.- Continued. 

(b) R 4. 



1- CONDIT IONS 

R= 4.16 
U I N F S  39.7 M/SEC 
J / D =  9.10 

P H I =  13.0 DEG 
Z/D= 4.15 

R =  4.11 
U I N F X  39.7 H/SEC 
X/D= 9.10 
Z/D= 4.75 
P H I =  13.0 DEG 

R= 4.00 
UINF.  38.6 H/SEC 
X/D= 9.22 

P H I =  15.0 OEG 
Z/D= 3.88 

R =  4.01 
U I N F E  39.0 M/SEC 
X / D =  9.22 

P H I =  15.0 DEG 

R= 4.13 
U I N F +  39.6 H/SEC 

/X/D= 14.00 
lZ /D= 6.00 
P H I =  10.5 DEG 

Z /D=   3 .88  

' R =  4.13 11 e76 
U I N F I  39.7 H/SEC , -.01 
X/D= 14.00 
Z/D= 6.00  -.13 

.OB 

P H I =  10.5 DEG -.54 

R= 4.13  .83 
U I N F -  38.7 H/SEC .04 
X/D= 18.00 -.08 
Z/D= 6.50 -.EO 
P H I =  10.2 DEG "50 

R= 4.12 
U I N F Z  38.7 M/SEC .01 

.94 

X/D= 18.00 
Z/D= 6.50 

"05 

P H I S  10.2 DEG -.35 
"24 

.85 
-03 

-.26 
.08  

- .54 
.81 

"04 
.03 

-.18 
"51 

.88 

.02 
-.02 
-.21 
-.44 

. 8 3  

.03 

-.20 
.01 

-.51 

.83 
-.01 
-.os 
-.17 
-.48 

.83 

.01 
-.04 
-.20 
"51 

- . O ?  
-90 

-.01 
-.30 - .*9 
-90 

- . O R  
-.oo 

-.23 
"42 

.8* 

. O ?  
- . 07  
-.16 
-.45 

-.01 .01 
.93 .94 

- . 0 8  -.lo 
- , I 9  -.19 
"32 -.30 

.93 .89 

-.11 -.09 
.01 .01 

-.17 -.12 
- . ? R  -.30 

.984 .97 
-01 .04 

- . o s  -.13 
-.22 -.22 
-.26 -.25 

1.02 
-03 

-e14 
-.13 
-so6 

1.06a 

-.lo 
-03 

-.20 
"06 

1.01" 
.01 

"13 
-.17 
- . I 2  

U B / U I N F  
VB/UINF 
WB/UINF 

CP 
CPT 

U B / U I N F  
VB/UINF 
YB/UINF 

CP 
CPT 

UB/UINF 
V B / U I N F  
YB/UINF 

CP 
CPT 

UR/UINF 
VB/UINF 
UB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
YB/UINF 

CPT 
CP 

UB/U I NF 
VB/UINF 
WB/UINF 

CP 
CPT 

UB/UINF 

ZR/D 

-1.5  -1.0 -0.5 0.0 0.5 1.0  1.5 

-91 
-03 

-.08 
-.14 
-.31 

.84 

-.07 
- 0 5  

-. 09 
-.38 

,944 
.01 

-.05 
"07 
-.18 

.95 

- . 07  
.01 

-.12 
- . ? O  

-96 
.oo 

-.06 
-.lo 
- . I 7  

.97 
-.oo 
"06 
- .08  
-.12 

-92 
.02 

-.09 
"14 
- .28  

.85* 

-.11 
.02 

-.lo 
"36 

.97 

.01 
-.06 
-.11 
"16 

.93 

-.06 
.oo 

-.11 
-.24 

-.oo 
.94 

- . 0 1  
"06 
-.17 

.95 
-.02 
- . 0 8  
"04 
-.13 

.92 .94 

- .08 -.lo 
e01 .03 

"14 -.13 
" 2 8  -.23 

-.oo .01 
"09 "14 
"13 -.03 
"31 -.25 

.90 .e74 

.94* 1.00 

.oo . 0 1  
"10 -.06 
"09 "11 
-.20 -.lo 

-94 .97 
.oo . 0 1  

"06 -.06 
"09 "11 
"21 -.16 

.98 .99 

.02 -.oo 
-.Oh -.09 
-.09 - . O @  
-.12 -.09 

- . 0 2  . o n  
.94 1.01 

"06 - . 07  
"01 "07 
"13 -.03 

-.oo 
-91 

-.12 
- .08  
-.23 

.98 

"14 
. 0 2  

-.lo 
-.I1 

.95 

.02 
- .Ob 
-.05 
-.13 

1.02 

"09 
.01 

"13 
"09 

1.00 
.oo 

-.Ob 
-.06 
-.06 

.98 

-.02 
-.02 -. 06 
- . 0 2  

. 90*  .96 

.01 .02 
"16 "16 
-e03 "04 
-.19 -.09 

1-04 1.03 

-,lo "14 
. 0 2  .02 

-.16 -.12 
.oo -.04 

-.oo .oo 
.98 .99 

-.Ob " 0 8  
-SO6 " 0 8  
"10 "09 

,930 1-03 
-.01 .oo 
-.01 -.08 

- .07  -.04 
-06 -e12 

-.01 .02 
-93 1.03 

- .08  -.lo 
-.03 -.lo 
"15 "03 

.93 1.01 
-.02 .oo 
-.01 - . O R  

-.09 - . 0 2  
S O 5  "06 

CDNDIT IONS 
TEST 

R= 4.13 

X/D= 25.01 

P H I =  10.0 DEG 
Z/D= 7.50 

R= 4.12 
U I N F =  38.9 M I S E (  
X/D= 25.01 
Z/D= 7.50 
P H I =  10.0 DEG 

U I N F =  39.0 WSEC 

R =  4.12 
UIFtF= 39.1 M/SE( 
X/D= 35.00 

P H I =  6.3 DEG 
Z/D= 8.50 

R =  4.13 

X/D= 35.00 
Z/D= 8.50 
P H I S  6.3 DEG 

R =  4.15 

X/D= 45.00 

U I N F -  39.2 MISE(  

U I N F =  39.5 C/SEI 

Z/D= 9.75 
P n I =  5.8 DEG 

R =  4.16 
U I N F -  39.5 H/SEl 
X/D= 45.00 
Z/D= 9.75 
P H I =  5.8 DEG 

:I 

TABLE C2 .- Continued 

(b) R = 4.  Continued. 



I 

CONDITIONS 
TEST 

F(= 4.06 
U I N F Z  62.2 M/SEC 
x / o =  6 . 0 0  

PHI= 17.0 DEG 
Z / D =  4.00 

F(= 4.07 

X / D =  h.00 
Z / D =  4 . 0 0  
P H I =  17.0 DEG 

I?= 4.05 
U I N F =  64.6 M/SEC 
X / D =  14.00 

P H I =  10.5 DEG 

R =  4.05 
U I k F =  64.5 M/SEC 
X/D=  14.00 
Z / D =  6.00 
P H I -  10.5 DEG 

UINF. 62.4 H/SEC 

z/n= 6.00 

ZR/D 

-1.5 -1.0 -0.5 0.0 0 . 5  1.0  1.5 

1-04!' UB/UINF 
- 0 2  VP/UINF 

-e07 UB/UINF 
-.62 CP 
- . S I  CPT 

1.14. UR/UINF 

"03 UB/UINF 
- 0 2  VB/UINF 

"67 CP 
- . 3 4  CPT 

1.07 UB/UINF 
. O D  VB/UINF 

-. 16 CP 
"12  WB/UINF 

. D l  CPT 

1 . 0 0  UB/UINF 

-e13 WB/UINF 
.02 VB/UINF 

-.lo CP 
-.08 CPT 

TABLE C2.- Continued 

(b) R = 4. Concluded. 



1 TEST 
C O h D I T I O N S  

R =  5.04 
U I N F Z  49.9 M/SEC 
x /o= 2.00 
Z/D= 2.99 
P H I =  32.6 DEG 

R =  5.04 
U I N F =  50.0 M/SEC 
X / D =  ? . O O  
Z/O= 2.99 
P H I =  32.6 DEG 

I RE 5.06 
U I N F =  49.2 H/SEC 
X / D =  2.05 ~. 
Z/D= 3 .00  
PHI: 33.0 OEG 

R =  5 . 0 5  
U I N F =  49.2 M/SEC 
X/D= 2.05 
Z/D= 3.00 
P H I =  33.0 DEF 

R =  5.05 

X/D= 6-00 
U I N F =  49.6 M/SEC 

Z/O= 5.00 
P H I =  20.0 DEG 

UINFm 49.3 M/SEC 
R= 5.06 

X / D =  6.00 
Z/D= 5.00 
P H I =  20.0 DEG 

R =  5 . 0 5  

J E / U I N F  
VB/UINF 
YB/UINF 

CP 
CPT 

U B / U I N F  
WE/UINF 
Y E / U I N F  

CP 
CPT 

U B / U I N F  
WB/UINF 
WB/UINF 

CP 
CPT 

U B / U I N F  
V E / U I N F  

CP 
CPT 

U R / U I N F  
V E / U I N F  
WB/UINF 

CP 
CPT 

U B / U I N F  
V R / U I N F  
YH/UINF 

CP 
CPT 

UB/UINF 
VR/UINF 
WB/UINF 

CP 
CPT 

UE/UINF 
VE/UINF 
WH/UINF 

CP 
CPT 

FWUI~F 

ZB/D 

-1.5  -1.0  -0.5 0.0 0.5  1.0  1.5 

-80 -84 -86 .85 

- 1 1  -19 -17 .18 

-e56 -.52 -.55 -.55 
-e22 "27  "32  -.31 

.03 - .01 .oo -.01 

-86 .86* .79 .900 
-01 e03 - 0 2  -.01 
.13 .13 .22 .I2 

-.33 -.33 -.20 -.34 
-.57 -.57 -.53 -.51 

-.01  -.O2 - .02 
-85 $92 1.02 

-15 -03 " 0 3  

-.57 "40 -.28 
"33 "26 "33 

.A9 .87 1.00 
-.Dl - .01 -.01 
.ll .I1 -.01 

"32 "28 "32 
"51 -.SO "32 

CONDITIONS 
TEST 

R= 5.05 

X/D= 14.00 
2 /01  7.00 
P H I =  13.0 DEG 

R =  5.05 

X/D= 14.00 

P H I =  13.0 DEG 
Z/o=  7.00 

U I N F =  51.1 H/sE( 

U I N F =  51.2 M/SE( 

TABLE C2 .- Continued. 

( c >  R = 5. 



! 

ZR/O ZP/D 

CONDITIONS 
TEST 

-1.5  -1.0  -0.5 0.0 0.5  1.0  1.5  -1.5  -1.0  -0.5 0.0 0.5  1.0  1.5 CONDITlOkS 

Z/D= 3.50  "56  "93  -1.12  -3.50 -2.05 -1.54  -4.62 CP  PHI= 38.0 OEG -1.24  -.67 -.20 -2.56 -1.11 -2.39  3.84 CPT 

R= 6.10 -44  -72 .71  .56  .67  1.01  3.06. UR/UINF 
UINFZ 25 .7  M/SEC .34 -.18 . 0 3  -07 -.09 .03 " 0 0  
X/D= 7.00 .73 .47  1.16  1.25  1.13  .50  .8b 
Z/D= 3.50 
PHI= 38.0 DE(; -1.05  -1.37  -.73  -2.15  -2.01  -2.42  4.09 

"41  -1.09  -1.5R -3.05 -2.74  -2.72  -5.17 

R =  6.12 
UINF- 25.7 WSEC 
X/D= 6.00 

PHI-  24.0 DEG 
Z/D= 6.00 

U I N F I  25.8 M/SEC 
R =  6.14 

X/D= 6.00 
Z/D= 6.00 
PHI= 24.0 DEG 

R= 6.05 
UINFX 26.6 M/SEC 
X/D= 14.00 

PHI= 15.0 DEG 
Z/D= 8.50 

R= 6.07 
UINF: 26.5 M/SEC 

Z/D= A.50 
X/D= 14.00 

PHI=  15.0 DEG 

R =  6.04 
UINFZ 41.1 M/SEC 
X/D= 2.00 
Z/D= 3.50 
PHI= 38.0 DEG 

R= 6.01 
UINF= 41.1 M/S€C 
X/D= 2.00 
Z/D= 3.50 
PHI=  -38.0 DEG 

VR/UINF 
YB/UINF 

CP 
CPT 

UB/UINF 
VBIUINF 
YB/UINF 

CP 
CPT 

UBIUINF 
VB/UINF 
YB/UINF 

CP 
CPT 

UB/UINF 
VR/UINF 
UR/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
YB/UINF 

CP 
CPT 

UH/UINF 
VRIUINF 
YB/UINF 

CP 
CPT 

U W U I N F  
VB/UINF 
UR/UINF 

CP 
CPT 

.oo 

-.44 
.44 

-.H5 

.79 

.05 

.39 
-.61 
- . 8 3  

.05 

.91 

-.50 
.34 

-.56 

.82 
-.01 

. 3 7  
- . * h  
-.65 

.80 

. 0 9  

-, 48 
.45 

-.6? 

.R1 

.44 
- . 4 3  
-.57 

-.07 
.91 

-.44 
.45 

-.41 

. A9 
-.02 
.50 

-.34 
- .38 

.n4 

1 

X/D= 4 . 0 0  

PHI= 28.0 DEG 
Z/D= 5.00 

UINF= 41.3 H/SEC 
H =  6.02 

x/D= 4.00 
Z / D =  5 .00  
PHI= 28.0 DEG 

R =  6.03 
U I k F =  41.2 H/SEC 
x/D= 6.00 

PHI= 24.0 DEG 
Z / D =  6 . 0 0  

k" 6.05 
UINF= 41.7 WSEC 
X/D= b.00 
Z / D =  6.00 
PHI-  24.0 DEG 

R E  b.04 
UINF= 42.0 H/SEC 
x/D= 8.00 
Z/D= 7.00 
PHI= 20 .0  DEG 

R E  6.04 
UINF- 42.1 WSEC 
x/D= 8 .00  
Z/D= 7.00 
PHI= 2 0 . 0  DEG 

R =  6.04 
U l k F e  42.4 H/SEC 
x/u= 9.48 

PHI= 16.0 DEG 
2/01 8 .00  

H= 6.04 
UINF= 42.4 WSEC 
x/D= 9.413 

P H I =  1R.O DEG 
z/u= 8.00 

TABLE C2 .- Continued 

(d)  R = 6. 



CONDITIONS 
TEST 

R =  6.04 
U I N F Z  42.4 H/SEC 
X/D= 12.00 

P H I =  17.0 DEG 
Z/D= 8.50 

U I N F =  42.4 H/SEC 
R. 6.04 

X/D= 12.00 
Z/D= 8.50 
P H I =  17.0 DEG 

R =  6.03 
U I N F I  42.6 M/SEC 
X/Ds 14.00 

P H I =  15.0 DEG 
Z/D= 8.50 

U I N F =  42.4 M/SEC 
R =  6.04 

Z/D= 8.50 
X/D= 14.00 

P H I =  15.0 DEG 

R =  6.06 
U I N F =  41.9 H/SEC 
X/D= lR.OO 
Z/D= 10.00 
P H I =  14.0 DEG 

R =  6.05 
U I N F Z  41.9 M/SEC 
X/D= lR.OO 
Z / D =  10.00 
P H I =  14.0 DEG 

I?= 6.02 

iX/O= 25.02 
U I N F '  41.6 H/SEC 

IPHI= 10.0 DEG 
Z/D= 11.00 

- 

.94 
-06 

-.43 
.35 

-e41 

.99 

.01 

-.44 
-31 

"36 

-90 
-04 

-.30 
.29 

"40 

.99 
-03 
-27 

-.35 
"29 

.98 

. 0 1  

-.23 
.22 

-.EO 

.95 

.08 
-24 

-.EO 
- .?3 

.97 
04 

-.21 
.14 

"24 

- ~~~~~ 

e96 $97 -89 
-08 -e06 -01 
-34 e 3 8  .36 

"41 -147 -.38 
"36 -e37 "46 

e93 -97 -95 
.03 -.02 -.02 

"37 -.42 -.46 
-42 -35 .37 

- .33 -.34  -.42 

.93  .93  .99 

.08 .02 -.oo 
e29 -30 .29 

-a36 "37 -.44 
" 4 0  "41 "37 

-so2 -02 -.03 
.99 .95 1.00 

"39 "40 -.36 
e 3 0  -26 -36 

"32 "42 - . ?3  

.02 -.01 .oo 

.94' 1.02' .95 

.18 .28 .20 
"25 "29 -.?4 
- . 3 3  -.lo -.29 

1.00 .98 .99 
-01 "04 .01 

"29 "27 -.24 
-25  -19 .16 

"22  "27  "23 

.95 .95 .95 
-01 "04 -.04 
.19 .1A .1s 

-.19 -.13 -.19 
"25 "19 -.27 

.95 
-.04 
.28 

-.42 
- . 4 3  

-.01 
.98 

-.42 
.28 

- .38  

1 .os 
-.01 
.29 

-.48 
-.2R 

-,06 
.87 

-.29 
.29 

- .44 
.93 

-.01 
.16 

-.20 
-.32 

-.04 
.q6 

-.EO 
.14 

-.27 

1.05 
-.01 
.10 

"25 
"13 

-.01 -.01 
.97 1-06 

.15 - 0 5  

-.44 -e27 
-.40 "40 

-95 1.03 
-.03 "03 

-.36 "44 
$12 e09 

-.44 -a36 

"03 - s o 0  
-91 1 - 0 3  

-.29 -e36 
.28  .15 

- e 3 8  -e27 

.97  1.02 
-.02 "04 
-25 -12 

-.,37 -.41 
"36 -.35 

-.oo -.01 
-92 1.03 

"17 "23 
- 0 7  e03 

"32 -e16 

.97 1.03 
-.03 .02 
-06 - e 0 0  

"24 "12 

-.02 " 0 3  
1.01' .97 

-.19 -.15 
.02 -.02 

-.le -.21 

-.2a  -.19 

H =  6.02 ' -870  -96 -99'  .92  .91  .90 1-01 
U I N F Z  41.6 M/SFC -.06 .03 .02 -.02 " 0 5  -.04  .02 
X/D= 25.02 
z /o= 11.00 

-20 -16 - 1 1  .15 -10 -07 a04 ' -.09 "23 -.20 -.17 -.14 -.13 -.22 
P H I =  10.0 DEG 1 -.28 -.27 -.EO - . 3 1  - . 3 0  -.32 -.20 

- 
JB/UINF 
/ B / U I N F  
I B / U I N F  

CP 
CPT 

JB/UINF 
J B / U I N F  
rlR/UINF 

CP 
CPT 

J B / U I N F  
YB/UINF 
WB/UINF 

CP 
CPT 

U B / U I N F  
V B / U I N F  
Y B / U I N F  

CP 
CPT 

U B / U I N F  
V B / U I N F  
U B / U I N F  

CP 
CPT 

UB/UINF 
V B / U I N F  
V B / U I N F  

CP 
CPT 

UB/UIFtF 
VB/UINF 
YB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
YB/UINF 

CP 
CP? 

CONDITIONS I TEST 

RI: 6.04 
U I N F =  41.9 W S E C  
X/D= 35.00 I 
Z/D= 13.00 
P H I =  9.3 DEG 

R= 6.06 
U I N F =  41.6 H/SEC 
X/D= 35.00 
Z/D= 13.00 
P H I =  9.3 DEG 

RE 6.02 
U I N F -  41.3 W S E C  
X/D= 35.00 
Z/D= 13.00 
P H I =  9.5 OEG 

R= 5.98 I 
U I N F r  41.6 H/SECl 

Z/D= 13.00 
X/D= 35.00 

P H I =  9.5 DEG ' 

TABLE C2.- Continued 

( d )  R = 6. Continued. 



1 TEST 
CONDITIONS 

R =  6.09 
U I N F -  50.8 M/SEC 
X / D =  6.00 

P H I =  74.0 DEG 
Z / D =  6.00 

U I N F =  50.6 b+/SEC 
R =  6.12 

A/D= 6.00 
Z / D =  6.00 
P H I =  24.0 DEG 

R =  6.01 
U I N F =  52.7 M / S E C  
X / @ =  14.00 

P H I =  15.0 DEG 
Z/D= 8.50 

R =  6.07 
U I N F =  52.5 M/SEC 
X/D= 14.00 

P H I =  15.0 DEG 
z /o= 8.50 

Z R / D  

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 I 

TABLE C2 .- Continued 

VB/UI&F 
YB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
UB/UINF 

CP 
CPT 

UB/U I NF 
VB/UINF 
UB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
WB/UINF 

CP 
CPT 

( d l  R = 6.  Concluded. 



I ZB/D I 

U B / U I N F  
V B / U I N F  
W B N I N F  

CP 
CPT 

U B / U I N F  
VB/U I NF 
V B / U I N F  

CP 
CPT 

U B / U I N F  
V B / U I N F  
U B / U I N F  

CP 
CPT 

U B / U I N F  
V B / U I N F  
WB/UINF , 

c p  , 
CPT 

U B / U I N F  

Y B / U I N F  
V B / U I N F  

CP 
CPT 

U B / U I N F  
V B / U I N F  
WB/UINF 

CP 
CPT 

U B / U I N F  
V B / U I N F  
WB/UINF 

CP 
CPT 

n =  7 . 0 2  -97 .96 -90 .97 .9R .95  1.02 U @ / U I N F  
U I N F I  45.3 M/S€C .10 . O P  .07 .04 .02 .03 -.04 V B / U I N F  

-48 a h 0  -73 .h5 .61 -53 .42 WB/UINF ;X/D= 9.88 
Z/D= 8.98 ' -.48 - . 5 5  " 5 2  -.75  -.62  -.61  -.54 CP 

, P H I =  20.0 DEG j "29 -.26  -.16  -.3R  -.27  -.43  -.31 CPT - 
TABLE C2 .- Continued 

(e)  R = 7. 



TEST 
CONDITIONS -1.5  -1.0  -0.5 0.0 0.5 1.0 1.5 , TEST 

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 CONDITIONS 

R =  R.15 
U I N F -  19.3 H/SEC 
X / D =  2.00 
2/01 5 .00  
P H I =  45.0 DEG 

U I N F Z  19.3 H/SEC 
R =  8.25 

X/D= 6 .00  
Z/D= 8 .00  
P H I =  30.0 DEG 

R= 8.26 
U I N F =  19.3 H/SEC 
X/D= 6 .00  

P H I L  30.0 DEG 
Z / D =  R . 0 0  

U I N F S  19.8 M/SEC 
R =  8.03 

x/D= 15.18 
Z / D =  11.98 
P H I =  20.0 DEG 

R= 7.99 
U I N F Z  19.8 H/SEC 
X/D=  15.18 

P H I =  20.0 DEG 
Z/D= 11.98 

R =  8.03 
U I N F Z  30.9 H/SEC 

Z/D= 5.00 
X/D= 2.00 

P H I =  15.0 OEG 

UINF. 31.0 M/SEC 
R =  8.03 

x/o= 2.00 

P H I =  45.0 DEG 
Z/D= 5.00 

-.46 
-.79 

. h8 

.68 
-90 
.a2 

.82 

-51 
-09 

.69 

. h 3  

.09 

.91 

-50 

-.n4 

-.lo 
.29 

1.11 
- . l o  
.70 

-76 

" 3 2  
.88 

.83 
$89 

1.46 

.97 

.05 
-60 

.n2 

-2.07 
- . E O  

-.IS 
1.10 

-.21 
.79 

.64 

.96 
-.E5 
.91 
.02 
. 8 2  

1.01 
.05 
.53 

-3.47 -2.71 
-2.00 -1.46 

-.FO -,I3 
.94 1.05 

.93 .94 

.04 -.16 

.79 .8h 

1.20* .93 
- . O R  -.Ob 
.70 .99 

- . 76  .09 
.29 .95 

-.05 -.03 
1.21 .89 

.58 .46 

- 0 . 0 8  
.35 

.98 

.05 
-76 
.05 
.59 

1.05 
-.01 

. 80  
"25 
.49 

.97 
09 
.31 

-5.89 , CP 
10.28 CPT 

1.10 
~ UB/UINF 

s o 2  VB/UINF 
.S5 WB/UINf  

-1;; 1 EFT 

1 18 UB/UINF 
-07 VB/UINF 
-51 YB/UINF 

- 6 2  . CPT 

"05 VB/UINF 
1.08 UB/UINf  

-.Ob CP 

I 

-1.84 
-.30 

-.05 
.86 

-.Oh 
.b4 

.09 

.e2 

.09 
-69 
.26 
.41 

1 . D O  
. 0 4  

-1.97 
-.07 

-. 17 1.00 

-.48 
.74 

.09 

.90 
-.14 
.79 

-.31 
.I5 

1.04 
.04 

-1.85 -7.33 -3.n~ - 
"75 -.4n 3.52 

-.OR "05 . O D  
-94 .A4 1-23 

"65 "80 -1.13 
.97 1.05 .81 

. I ?  .02 .os 

- 8 8  1.02 ,680 
-.I7 -a16 -.07 
1-00 .96 1.15 
-.45 -1.1) -.19 
-35 -.13 -61 

1.02 1.01 1.06 
-13 a07 -07 

.?. 1 1  
4.95 

1.10 
. I*  

-.75 
.74 

.03 

.94 
-04 
.88 

- .44  
.22  

1.13 
-.n3 

-.78 
-.os 

1.15 
.IO 

-.73 
.49 

-. 15 
.73 
-07 
.59 

"18 
"29 

.99 

.oo 

P n I =  44.7 DEG 
Z/D= 6.75 

n= 8 . 0 8  
U I N F =  30.9 H/SEC 
X/D= 6.00 
Z/D= 8.00 
P H I =  30.0 DEG 

R= 8.03 
U I N F -  30.9 M/SEC 

z/o= 8.00 
X/D= 6 . 0 0  

P H l =  30.0 DEG 

HZ 8.03 
U I N F -  31.6 M/SEC 
x /o=  15.18 

P H I =  20.0 DEG 
Z / U =  11.98 

R =  8.02 
U I N F =  31.6 H/SEC 
X/D= 15.18 
Z/U= 11.98 
PHI: 20.0 DEG 

RE H.06 
U:tdf= 38.4  M/SEC 
X/D= 2.00 
Z/D= 5.00 
PHI= 45.0 DEG 

R =  8-06 
U I N F =  38.6 W S E C  
x/D= 2.00 
2 / D =  5.00 
P H I S  45.0 DEG 

% 
'd 
M 
2 
U 
H x 
c3 

TABLE C2.- Continued 

( f )  R = 8. 



CONOITIDNS 

U I N F I  38.1 M/SEC 
R =  8.02 

X/D= 4.00  
ZiD= 6.98 
P H I '  35.0 DEG 

R =  8.04 
U I N F =  38.0 M/SEC 
X/D= 4.00 
Z/D= 6.98 
P H I -  35.0 DEG 

R+ 8 . 0 5  
U I N F Z  38.7 H/SEC 
X/D=. 5.63 
Z/D= 1.13 
P H I =  41.9 DEG 

R= 8.01 
U I N F -  38.8 H/SEC 
X/D= 5.63 

P H I =  41.9 DEG 
Z/O= 1.13 

R- 8.05 
U I N F I  38.6 M/SEC 
X/D= 6.00 

P H I =  30.0 DEG 

U I N F Z  38.5 H/SEC 
R =  8.06 

X/D= 6.00 
Z/D= 8.00 
P H I -  30.0 DEG 

R- 8.06 
U I N F -  39.2 H/SEC 
x / o =  8.00 
Z/D= 9.00 

Z/D= 8 .00  

;,PHI= 26.0 DEG 

' R -  8.07 

1 X/D= 8 .00  
! Z/D= 9 . 0 0  
'I P H I =  26.0 DEG 

U I N F "  39.2 H/SEC 

JB/UINF 
I W U I N F  
JB/U INF 

CP 
CPT 

JB/U INF 
$ E / U I N F  
I IE /UINF 

CP 
CPT 

UE/U I NF 
VE/U INF 
YE/U INF 

CP 
CPT 

UB/UINF 
V E / U I N F  
WB/UINF 

CP 
CPT 

U B / U I N F  
VB/UINF 
WE/UINF 

CP 
CPT 

UR/UINF 
VB/UINF 
WE/UINF 

CP 
CPT 

UE/UINF 
VB/UINF 
WB/UINF 

CP 
CPT 

UB/UINF 
VE/UINF 
WE/UINF 

CP 
CPT 

1.04 1-00 
-.a1 - . 0 4  

-.48 -.63 
.54 -62 

"11 -.23 

.94 1.02 

.55 .59 

.ne .06 

" 3 0  
-.12 

.02 

.9R 

- . 4 0  
,448 

-.21 

.99 

-.37 
.53 

-.11 

-,. 0 1 

"65 
-.25 

1.00 
.n3 

-.42 
.57 

-.09 

. Y 8  
-.Ob 
-56 

- . 4 3  
-.16 

1.04 
.OR 

- .59 -72 

.03 

1.05 
.08 
.67 

"72 -. 16 
.97 
.ll  

- . 4 P  
.63 

-.14 

1.06 
.13 
.57 

-.68 
-.2n 

"03 
.94 

"67 
.77 

"19 

.9R 

-76 
"67 
"17 

-.07 
1.07 

-.52 
. h5 

" 0 3  

1.12 
.03 

-.7h 
-62 

-.li 

.no 

.93 

.02 

-.57 
.74 

"16 

.93 

.a1 

.72 
"64 
-.25 

. Q V  

.54 -. 64 
-.37 

. R3 
-.13 
.65 

-.41 
-.76 

-.n1 

-.08 
1.04 

-.74 
.64 

-.22 

1.12 
.02 

"71 
-62 

-.07 

1.04 

.57 

.05 

-e50 
-.n9 

1.00 
-.01 
.54 

-.57 
-.27 

-.oo 
1.08 

"66 
.57 

"17 

.82 
"16 
-56 

"27 
"26 

" 0 4  
96 

-e36 
.5 1 

"17 

1.07 
.03 
.39 -. 70 

- . 4 0  

TABLE C2.- Continued 

( f )  R = 8. Continued. 

CONDITIONS 
TEST 

R= 8.04 
U I N F -  38.5 M/SEC 
X/D= 8.81 

P H I =  30.0 DEG 
Z/D= 8.31 

R =  8.03 
U I N F =  38.6 M/SEC 
X/D= A.81 
Z/D= 8.31 
P H I =  3 0 . 0  DEG 

R= 8.01 
U I N F =  39.2 M/SEC 
X/D= 9.80 
Z/D= 10.00 
PHX= 23.0 OEG 

H =  8.05 
U I N F -  39.3 M/SEC 
X/D= 9.80 
Z/D= 10.00 
P H I =  23.0 DEG 

R =  8-03 
U I N F -  39.0 M/SE( 
X/D= 12.00 
Z/D= 11.00 
PHI= 21'.0 DEG 

R =  8.06 
U l N F =  39.1 M/SE( 
X/D= 12.00 

P H I =  21.0 DE6 
z / o =  11.00 

R =  8 . 0 4  
UIhrFZ 39.2 M/SE( 

Z /D= 11.98 
P H I -  20.0 DEG 

R= 8.03 
U I N F -  39.2 H/SE( 
X/D= 15.18 

P H I =  20.0 DEG 
Z/D= 11.98 

x/D= 15.18 



7 
TEST 

ICOVDITIONS 

R =  8.03 
UINF: 39.0 )*/SEC 
X/D= 18.00 
Z/D= 13.00 
PHI=  18.0 DEG 

e= 0.03 
UIFIF. 39.0 M/SEC 
X/D= 18.00 
Z/D= 13.00 
PHI=  18.0 DEG 

R =  8.03 
UINFZ 38.6 H/SEC 
X/D= 25.00 
Z/D= 16.00 
PHI=  15.2 DEG 

R =  R.04 
UINF: 38.7 C/SEC 
X/D= 25.00 
Z/D= 16.00 
PHI-  15..2 DEG 

R =  8 . 0 5  
UINF- 38.7 M/SEC 
X/D= 35.00 
z m =  18.00 
PHI=  14.9 DEG 

I?= 8.07 
UINF- 38.6 P/SEC 
X/D= 35.00 
z /o= 10.00 
PHI=  14.9 OEG 

R= 8 . 0 5  
UINF: 30.0 H/SEC 
X / O =  35.00 
Z/D= lR.OO 
PHI=  14.9 DEG 

UINF= 39.0 H/SEC 
I?= 0.04 

Z/D= 19.50 
X/D= 45.00 

PHI=  10.7 DEG 

-1.5 - 
-.no 
.98 

-.21 
.49 

-.01 

.94 

.01 
52 

"15 
.01 

1.03 
.02 
.45 

- .34  
- .Ob 

1.01 
. 07  
.45 

-.37 
-.14 

1.04 
.01 

-.23 
- 3 0  

"06  

1.04 
.02 
-32 

"23 
-a04 

-.01 
1.06 

-.10 
.33 

06 

1.04 
-.01 
-26 

"14 
.n3 

-1.0  -0.5 

-97 1.03 
.OR -.oo 
-54 -60 

-.30 -.37 
- .OS .Ob 

1.02 .97 
.10 .Ob 

-.3R -.25 
.so .b2 

-.07 . O R  

1.02 1.01 
. 05  -.02 
.45 .43 

"33 "32 
-.09 -.11 

-.os -.n3 
1.10 1.07 

"42  "42 
.41  .40 

-.Ob -.11 

1.000  1.05 
" 0 0  -.04 
.28 .33 

-.14 -.22 
"06 " 0 0  

-.01 -.01 
1.06 1.07 

-.El -.Zh 
,32 -32 

.01 -.oo 

1.050  1.06 

.27 -31 
"23 -.le 

-.n1 - . 0 1  

-.04  .n3 

1.D2 1.05 
.OO "03 

-.20 -.17 
-20 -29 

- .07 .n2 

7R/D 

0.0 0.5 

1.04 1.11 
.01 - .oo  

-.49 -.4R 
.54 .47 

-.11 - . O E  

1.06 -92 
. 0 3  .05 
.55 .53 

-.35 -.34 
.08 -.20 

-.oo - . 07  
1.07 1.02 

-.39 -.34 
-34  -25 

-.11 -.E2 

1.06  1.02 
-.03 -.06 

-.44  -.?7 
..36 - 2 7  

-.le "16 

1.05 1-01 

.2R .17 
-.23 "15 

-.n2 -.03 

- . o s  -.n9 

-.n4 - . 02  
1.02  1.07 

-.15 -.23 
.32 .20 

-.oo -.n4 

1.09 1.02 
-.02 -.03 
.27 . 1 R  

-.29 -.20 
- . 0 3  -.12 

-.01 -.02 
1.03* 1.00 

-.12 -.12 
.29 .22 

.03 - . 0 7  

1.0  1.5 

.96 1.13 

.OO -.04 

.44 .28 
-.39 "56 
-.Zb -.19 

1.06 .97 
.01 - . 07  

-.33 -.1R 
.51 -41 

.05 -.06 

1.02 1.03 
- . O B  -.03 
.19 . 0 7  

"21 -e29 
-e13 -.E3 

-.03 "09 
1.09 1-01 

-.35 -.22 
.18  .13 

-.13  -.10 

1.03 1.09 
-.04 -.04 
-16 .11 

"21 - e 2 6  
"11 - n o 5  

" 0 0  - . 0 6  
1.08* 1.05 

-.21 "26 
. 0 7  .10 

-.04 -.15 

1.02 1.06 
-.01 "04 
.10 - 0 6  

-.19 "23 
-.11 -.lo 

1.03* 1.05 
.01 - . O E  

-.15 -.14 
.06 - 1 1  

-.08 - . O ?  

UB/UINF 
VB/UINF 
UB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
YB/UINF 

CP 
CPT 

UB/UINF 

YB/UINF 
VB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
VB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
YB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
YB/UINF 

CP 
CPT 

U B N I N F  

YB/UINF 
VB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
UB/UINF 

CP 
CPT 

TABLE C2.- Continued 

(f) R = 8. Concluded. 



CONDITIONS 
TEST 

R =  10.03 
UINF' 24.6 H/SEC 
X/D= 7 . 0 0  
Z/D= 6.00 
PHI= 52.0 DEG 

H= 10.01 
UINFZ 24.5 H/SEC 
X/D= 2.00 
Z/D= 6 .00  
PHI= 52.0 OEG 

R- 10.04 
UINF- 24.7 H/SEC 

r ZH/D 

-1.5  -1.0 -0.5 0.0 0.5 1.0  1.5 

X/D= 2.03 ' -37 1.14  1.33  1.62  1.43 .8O 1.17 

PHI= 51.9 DEG ! -.67  .37  "94  -.73  -1.06  -.39  15.47 
Z/O= 6.00 "67  "25  -2.55  -3.53 -3.20 -5.21-10.95 

R =  10.05 

I X / D =  2.03 
.UINF= 24.7 M/SEC 

Z/O= 6.00 i ,PHI= 51.9 DEG 

X/D: 
Z / D =  
.\pH I = 

I?= 
U I N F Z  
x/o= 
z/o= 
PHI- 

R =  10.05 
UINF- 24.5 H/SEC 
X/D= 6.00  

P H I =  34.8 OEG 
Z / D =  9.98 

R =  10.05 
UI N F -  24.5 H / S E C  

6.00 
9.98 
34.8 DFG 

10.05 

14.00 
14.00 

25.3 M/SEC 

25.0 OEG 

ZB/D 

-1.5  -1.0  -0.5 0.0 0.5 1.0  1.5 

UB/UINF 

.47  .89  1.40  1.70  1.47  .76  1.26 YB/UINF 

.88 .77  .75 .eo .89  2.34  4.72. 
VBIUINF 

' "53  "67  -.67  -.47  -.94  -.46  14.70 CPT 
, -a53 -1.06  -2.20  -3.05  -2.96  -5.63  -9.46 CP 

" 0 0  "13 "05 -.PO -.I9  .I4  .I6 

UBIUINF 

.32  .96  1.49  1.55  1.20  .77  1.35 YB/UINF' 
-19  -33 -.42  -.42  -.29 .08  .08 VBIUINF, 
.86  .61  .79 .86 1.19  2.25  4.450 

CP "39 - e 6 0  -1.95  -3.53  -3.97  -5.43  -8.20 
CPT -.SI -.20 .ne -1.20  -2.01  -.70  13.49 

UBIUINF 1.02  1.43  1.25  1.90  2.97  3.59  2.87 

WB/UINF 
"05  "09 -04 .09  .14  .20 -15 VB/UINF 
1.32  1.13  1.18 .60 .61 -92  -59 

-.32  -1.20 - . 6 3  "40 4.62  9.31 4.45 CPT 
-2.14  -3.54  -2.61  -3.43  -3.78 -3.86 -3.31 CP 

CONDITIONS I TEST 

7. 10.04 

K/D= 2.03 

PHI= 51.9 DLG 

JINF= 30.8 M/SEC 

Z/D= 6.00 

R =  10.00 
UINF- 30.9 M/SEC: 
X/O= 2.03 
Z/D= 6.00 
PHI= 51.9 DEI 

R =  10.02 
UINF= 30.8 M/SEC 
X/D= 2.00 

PHI= 52.2 DEG 
Z/D= 8.00 

R= 9.99 
UINF= 30.8 H/SEC; 
X/D= 2.00 
Z/D= 8.00 
PHI= 52.2 DEG 1 

1 R= 9.95 
UINF- 30.6 M/SEC 
X/D= 4 . 0 0  
Z/D= 8.48 
PHI; 41.0 DEG ~ 

\ 
R =  9.94 
UINF- 30.6 M/SEC! 
X/D= 4 . 0 0  
2/D= 8.48 
PHI= 41.0 DEG 1 

1 

R =  9.99 
UINF= 30.8 H/SEC 
X/D= 6.00 
Z/D= 9.98 
PHI= 34.8 DEG ' 

R =  9.97 
UINF- 30.6 H/SEC 
X/D= 6.00 

TABLE C2. - Continued 

(g) R = 10. 



I I 
TEST 

ZR/D Z R / O  

CONDITIONS -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5  -1.5  -1.0  -0.5 0.0 0;s 1.0 1.5 

R =  9.96 
U I N F =  31.3 H/SEC 
X/D= 8.00 

P H I =   3 1 . 0  DEG 
Z / D =  11.00 

R= 1 0 . 0 0  
U I N F =  31.4 H/SEC 
X/D= 8.00 
Z/D= 11.00 
P H I =   3 1 . 0  DEG 

U I N F =  31.4 H/SEC 
R= 9.98 

x / @ =  1 0 . 0 0  

P H I =  28.0 DEG 
Z/D= 11.98 

R= 9.96 
U I N F =  31.4 H/SEC 
N/D= 10.00 

P H I -  28.0 DEG 
Z/D= 11.98 

U I N F =  31.2 M/SEC 
I?= 9.99 

X/D= 1?.08 
Z/D= 13.50 
P H I =  25.0 D€G 

R =  10.01 
U I N F Z  31.2 H/SEC 
X/D= 1?.08 

P H I =  25.0 DEG 
Z/D= 13.50 

I 

U I N F Z  31.6 M/SEC 
R= 9.97 

X / @ =  14.00 

P H I =  25.0 DEG 
Z/D= 16.00 

R= 9.98 

X / D =  14.00 
U I N F Z  31.5 H/5EC 

P H I =  25.0 DEG 
Z / D =  14.00 

-.OB 
.94 

-.45 
.51 

-.E9 

1.04 
-.06 
.46 

-.54 
"24 

-.02 
.94 

.67 
-.43 
-.lo 

1.10 
-.n9 

58 
-.75 
"19 

1.05 
.02 

-.40 
.54 

-.01 

1.03 
.05 
.52 

-.44 
-.11 

.98 

.62 

-.29 
-.67 

1.02 
-.02 
-63 

"62 
- .1q 

.93 

.Ol 

-.49 
.79 

-.oo 

.93 

.14 
1.04 
-.08 
.72 

-.92 
"30 

-.09 
1.07 

. 7 8  
-1.00 
-a23 

-.11 
.99 

-.72 
. R O  

-.lo 

.99 
- . O ?  

.72  
-.64 
"25 

-.09 

-.45 
-67 

-.02 

1.02 
.03 

-.50 
.64 

"04 

.9n 

- 

-.02 
.75 

-.69 
"14 

.97 

.04 

-.65 
.64 

- . 30  

1.03 
.01 

-.67 
.62 

-.21 - 

1.05 
.01 

-1.05 
.H1 

-.?9 

1.05 
-.Oh 
.8? 

-.R7 
-.08 

-. 02 1.08 

.76 
-.94 
-.18 

..e2 

-.13  .03 
. P q  1.09 

.95  .75 

-.01 -.38 
"73  -1.13 

.H7 -90 

.n3 .08 

-.71  -.90 
.97  .R3 

.01 -.4@ 

1.24*  1.03 
-.Ob .Ob 

-1.04 -.a3 
-56  -62 

-.1R -.38 

1.18  .98 
-.04 -.02 
.89 .72 

-.39 - . B R  
.09 . 0 3  

-.14 -.05 
1.104 1.09 

- . R Q  -.77 
.5R -67 

-.3?  -.14 

.94 1.01 
-.n1 -.OR 
.67 .66 

-.74 -.7R 
"39 -a32 

.oo 
-.65 
.59 

-.33 

1 .Ob 
.00 

-. 7R -60 

-.33 

1.12 
-03 
.59 

-.82 
-.20 

1-08 UB/UINF 
"03 VB/UIhrF 
-61 WB/UINF 

-.89 CP 
"36 CPT 

1.14 UB/UINF 
.09' VB/UINF 
~ 5 3  UB/UINF 

-1.09 j CP 
- .4n , CPT 

- a 0 1  ! VB/UINF 
1.20 ' U B / U I N f  

-.89, CP 
e35 WB/UINF 

-e33 ' CPT 

- . O P  
-56 

-.41 
-.27 

-.04 
.B5 

- .3h  
.51 

-, 38 

1.12 
.O2 
-52 

- . 7 2  
-.20 

VB/UINF 
WB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
nB/U INF 

CP 
CPT 

U B I U I N F  
VB/UINF 
WB/UINF 

CP 
CPT 

P 
cd w 
z m 
tr 
H 
X 
n 

TABLE C2 .- Concluded 

(g) R = 10. Concluded. 



X/D = 2.00 
Z / D  = 2.00 

R 3.16 U I k F  = 51.2 M/SEC 
P H I  = 22.0 DEG 

sD1 0.00 -26 -50 -75 1.01  1.25  1.51 

1.53 
. 07  

1.5 
-.61 
.34 

.87 

1 .R9 

1.0 
.09 
.31 

-1.69 
1.07 

.23 

.5 .22 
- . O S  

-1.22 
-2.12 

.24 

0.0 'I-;;:; 
-1.73 

.44 

-.5 
-.lo 
.A7 

1-1-14 
1-1.10 

-89 -92 

"27 "33 
.35 .31 

-.02 - . o o  
-.02 .05 

1.40 1.07 
.45 .43 

- . R O  -.35 
.42 .12 

1.69 1.45 
.41 .39 

-1.46 -1.04 
"12 -.E7 

.62 .31 

1.05 1.38 

- . 4 3  -,46 
.14 .21 

-1.50 -1.28 
-1.18 -.lo 

1.09 1.17 
-.22 -.08 
-.43 "66 

-1.45 -1.04 
-1.01 -.20 

-.ne -.34 

-62 .66 

1.0 , .68 -63 
-.78 -.73 
-.93  -.e7 

- 7 0  -70 
' .IS  -.18 

,1.5  .15  .14 

.n7 -.is -.26 
.78 

-1.00 
.46 

-1.12 

.q1 
-.19 
.05 

-.52 

.78 
-.43 

. 2 2  
-.99 

-1.14 

1.01 
-.34 
"13 
-.55 

-.52 - . 3 r  
.75  1.06 

"25 -.46 
-.R4 "89 
-.9S -.42 

1-00 1.04 
-.41 -.39 
-.E6 -.44 
-.40 -.40 

- 
UB/U I NF 
V t l / U I k F  
WB/UINF 

CP 
CPT 

UB/UINF 
Vt l /U INF 
UB/UINF 

CP 
CPT 

UH/UINF 
VM/U I NF 
YH/U I NF 

CP 
CPT 

UB/UINF 
Vtc/UlNF 
U b / U I N F  

CP 
CPT 

UB/UINF 
VM/UINF 
WB/UINF 

CP 
CPT 

-.39 Vt)/UINF 
1.06 1 ULI/UINF 

-.54 YB/UINF 
- . 5R  CP 
-.01 CPT 

1.03 ' U B / U I N F  1 
-.33 VB/UINF 
"44 'WB/UINF 
-.341 CP 

X/D 5 6.00 
Z / D  3 . 0 0  

R 3.18 U I N F  = 52.7 H / S E C  
P H I  = 12.9 D E 6  

1.5 

1 . 0  

.5 

0 . 0  

-.5 

81.0 

-1.5 

0.00 -51  1-03 1.54  2.04 

1.04 
-.01 
- .Ob  
"40 
"31 

-68 
-.06 

Ob 
"41 
-.96 

-51 

-.37 
-25 

-.n1 

1 .n6 

-65 
-.04 
.34 

-.43 
-.e9 

.80 
-05 

"37 
.34 

-. 62 
.85 
.07  
.28 

-.26 
-.46 

.08 

.89 

"19 
-09 

1.05 1.14 
.12 .19 

-.lo -.14 
-.40 -.35 
-.28 . 0 1  

.73 .89 
-06 .13 
.04 -.OB 

"35 "47 
"81 "64 

.59 - 6 7  

.03 .12 

-.41 -.48 
.29 -.Oh 

-.97 -1..nl 

.65 .64 
-01 . 0 4  
.31 .02 

"43 "52 
-a90 -1.11 

- .08 -.13 
.80 .88 

-.35 -.43 
.35 .01 

"57 "63 

.81 .92 
-.13 -.17 
-22 "03 

-.22 -.33 
-.49 - . 64  

-.14 -.18 

-.11 -.17 
.10 -.OB 

.8r  .98 

1.15 
.20 

"19 
-.EA 
.12 

1.11 

-.19 
.I4 

"40 
-.11 

. R6 

.ll 
-.23 
-.46 
-.64 

.80 
-.O2 
-.27 
-.38 - .66 
-.I6 
.85 

"27 
"36 
-.52 

1.02 
7-14 
-.22 
"36 
-.23 

- e 2 3  
.97 

-.21 
"13 

1.07 

CB/UINF - e 2 6  
VY/UINF .?? 
U B / U I N F  

-.16 CP 
- 1 1  CPT 

1.13 

YB/UINF -.27 

UB/UINF 

CPT .09 
CP -.30 

V W U I N F  .1R 

~ . O ~ ' . U B / U I N F  
. I 4  

CPT -.01, 
CP -.32 

YB/UINF - .34  
VEI/UINF 

1.09 UB/UINF 

-.37 Y B / U I N F  
.02 V H / U I N F  

-.41~ CP 

-*O6I CPT 

-.09 VB/UINF 
1.04 U W U I N F  

"36 WB/UINF 

1:::~ E;, 
- . 1 9 ; V B / U I N F  
1-00 UB/UINF 

- . 3 4 l N B / U I N F  
"191 CP 
- . 0 2 ,  CPT 

-98 U B / U I N F  
"16 V W U I N F  
- . 2 8 ' W B / U I N F  

~~ 

-.38  -.33 -.I7  -.08 "04   CpT 
-.I21 CP 

TABLE C3.- CROSS-SECTION  VELOCITIES  AND  PRESSURES 

(a> R = 3 .  



X / D  = 8 .00  R = 3.17 
Z / D  = 3 . 0 0  

If 

UINF = 52.8 H / S t C  
P Y I  = 13.0 OEG 

YB/O ' 
0.00 .49  1.00  1.49  1.99 

Z B / D  - 
1.5 

1.0 

.5 

0.0 

-.5 

1.0 

-.oo 
.81 

-.29 
0 3  

-.63 

- 6 5  
-.02 

-.26 
.12 

-.a2 

- .02 
73 

-.24 
- 2 3  

-.65 

- 7 5  
. 0 2  
-32 

-.19 
-.53 

.88 

.02 

-.21 
.22 

- .38 

.89 

.08 

.08 
-.16 
-.35 

a 9 1  
.08 

- .a2  
-.13 

.83 
- 0 6  

-.os 

-. 57 
"27 

.71 

.Ob 

-e27 
-03 

"77 

.83 

.18 
06  

-.39 
-.6b 

- 8 1  
- 0 4  
.22 

"32 
"61  

"07  
.84 

-.21 
.21 

-.45 

.88 
- .07 
.08 

-.IO 
"32 

-.O2 
.98 

-.02 
-.15 

.90 
14 -. 16 

-.28 
-.42 

.OY 
-70 

- .02 
-.24 
- .75 

- 6 8  
.OS 

-.29 
. o o  

-.e2 

.86 
-.04 

. 02  

-.62 
-.3b 

-.OB 
.89 

-.02 

-.42 
"23 

1.02 
- . O B  
"03 
-.25 
-.20 

- .07 
1.01 

-.09 
"13  

.97 . l b  
- . T O  
"26 
-.25 

.75 

.ll 
-.21 
-.22 
-.bo 

- 8 6  

-.35 
-.19 

"56 

.87 
-e04 
-.18 
"32 
-.53 

"09  
.97 

-.12 

"30 
"27 

.97 
-.20 

- . l 2  
"16  

-.lo 

1 . 0 2  -. 14 
-.EO 
"09 

.n7 

1.10 UB/UlNF 
.15 Vb/UINF 

- . T h  UM/UlNF 
-.27 CP 

.04 CPT 

.97 UM/UlNF 

.I5 VR/UINF 
-.29 WB/UINF 
-.23 CP 
-.17 CPT 

.98 UB/UINF 

.Ob VB/UlNF 

- . ? P  c p  
"32 Utl/UINF 

"21  CPT 

1.05  UB/UINF 
"03 Vt l /UlkF 
-.25 

-.1E 
-.35 

,9? 
"13 
"30 
-.1? 
-.14 

-.I5 
.97 

-.29 
-.11 
"06 

.9R 
-.I4 
"25 
-.Ob 

I 
I 
I 

I 

UB/UlNF 
CP 
CPT 

UB/UINF 
VU/UINF 
YM/UlNF 

CP 
CPT 

UB/UlNF 

UB/UINF 
VM/UINF 

CP 
CPT 

UB/UINF 
V B I U I N F  
UB/UINF 

CP 
CPT 

TABLE C3.- Continued 

(a> R = 3. Concluded. 



X/D = 2.03 
Z / D  = 2.50 

R 4.12 UINF = 38.2 H/SEC 
P H I  = 28.0 DEG 

i 

I 
~ .5 , 

! 
0.0 

- .5 

-1.0 

-1.5 

-.07 -02 
. 3 3  .25% 

.1.82 -1.29 
.PO 1.00 

-2.06  -1.24 

- 4 6   - 4 1  
-.os -.38 

.86 - 8 6  
-1.59 -1.43 
-1 -63 -1 - 4 2  

"07 
.35 

-2.19 
.50 

-2.81 

.77 
-.39 

.49 
-2.16 
-2.18 

.46 

.01 

-2.06 
.49 

-2.62 

.96 
-.46 

- 3 2  
-2.01 
-1.75 

-. n9 
1.16 

-2.50 
-.Ob 

-2.14 

1.10 
"27 
-.04 

-2.04 
-1.75 

1.68 
. E l  

- . 2 3  
-2.40 
-.44 

"19  
1.35 

-.45 
-1.97 

-.YO 

X / D  = 1.97 
Z / D  = 4.25 

R 5. 4.14 UINF = 34.3 W S E C  
P H I  78.0 OEG 

0 .00  .26 .so .7s 1.no 

.5 , .13 
- 0 3  I -.47 
.26 

1.95 

0.0 
! .05 

.E6 
t-1,3? 

,: I la61 
, .99 
I .04 

' - . 5  .01 
-1.34 
-1.35 

- 1 6 s  .34 
-.oo .10 

-1.0 . .52 .35 
.-1.04 -1.31 
-1.74 -2.06 

.fib 

.09 
" 3 1  

.20 

.04 

. H8 

"19  
.10 

" 0 4  
15 

1.31 
.12 
-06 

-.47 
.2f l  

1 .Y7 
.17 
.19 

-1.43 
1.58 

1.11 
.09 

-1.44 
- . 0 1  

-1.19 

.35 . s1  

-1.5  .75 .59 
" 0 3  "06  

-1.10 -1.58 

.85 

.10 
-.30 

.20 

.03 

. 8 9  

-.22 
.12 

-.oo 
- 1 3  

1.19 
.22 
. 0 1  

-.30 
.17 

1 . H E  
.23 
.23 

-1.19 
1.28 

1.20 
.14 

-1.38 
-.90 

.38 

. l h  

.12 
-1.44 
-2.26 

-.15 
- 3 6  

-.o7 

-1 - 2 7  
.b8 

.85 

-.33 
. I 9  
. 0 4  

. R Y  

-.?5 
. l e  

. l h  

. 0 4  

1.06 

-.Oh 
.27 

"70 
. o o  

1.79 
.37 
. 1 Y  

-1.17 
1 . Z R  

1.72 

-.05 
.27 

-1.58 
.49 

.1') 

.72 

-.17 
-1.57 
-1.99 

-.1? 
. 50  

. l b  

.14 
.85 
e17 

UR/UlNF 

*B/UINF " 3 5  
VH/UINF 

.?1 CP 

. O P  CPT 

- 8 7  UH/UlNF 

-.2H wH/UINF 
. I 7  VB/UINF 

. I 7  CP 

.03 CPT 

.Q8 Ub/UINF 

.?9  VH/UINF 
-.2o CWUINF 
-.11 

CPT -.03 
CP 

1.93 UB/UINF 
.43 VM/UINF 
- 0 9  WB/UINF 

.h8 CPT 

1.74 Utl /UINF 

- . O b  Wd/UINF 
.31  Vt)/UINF 

.bh CPT 

-.87 CP 

- 1 . 5 0  CP 

l .OPUB/UINF 

- .13YB/UINF 
. l R V B / U I N F  

-1.61 CP 
-1.39 CPT 

l . f l l U B / U I N F  
- .03VB/UINF 
-.21UB/UINF 

-1.70 CP 

TABLE C3.- Continued 

( b )  R = 4. 



X/D 2.66 
Z/D = 4.63 

R 5 4.00 U I N F  = 38.7 M/SEC 
PHI = 31.8 DEG 

i -. 03 .84 

- . 5 0  
-26 
.22 

-86 
-.08 
-.49 
.19 
.18 

-.12 
.87 

-.53 
-17 
.23 

.85 
-.14 
-.57 
.15 
.23 

"13 
.84 

-. 63 
.20 

.80 
"07 
-e71 

.23 

.08 

-.04 
.89 

"68 
-a17 
.10 

.09 

.84 
- S O 5  
- . 4 3  
.33 
.22 

.87 
"13 
-.39 
-25 
.17 

-.El 
.94 

-.35 

-13 
-06 

1.30 
-.30 - .27 
"29 
.57 

-.21 
1.51 

-.32 
"71 
.75 

-. 08 1.31 

-.35 -. 87 
-.01 

-.01 
.98 

-.34 
-.90 

.A2  
-.02 
-.41 
.35 
.19 

.89 
-.11 
-.33 
-23 
.14 

"17 
1.10 

-.22 
-.08 

. 20  

1.59 
-.I6 
"14 
-.62 
.96 

1.32 
-.07 
- a 3 0  
- . E O  
.05 

-.06 
.78 

-.11 

-1.22 
-.e5 

.57 

.Ol 
-13 

.82 
-.oo 
-.37 
-32 
.14 

.A8 
- . 0 4  
-.27 

.20 
-06 

-.04 
I .?I 

-.09 
- .20 . 28 
1.72 
- .01 
-.08 
"71 
1.27 

1.18 

-.15 
.01 

- . 86  
-.45 

-.02 
.42 

.21 -.. 7  3 
-1.51 

.42 

.03 

.50 

.R3 

.Oh 
-.37 

.28 

.ll 

-90 

- e 2 6  
-06 

.16 

.os 

1.19  
.ll 

-e12 
"24 
.19 

1.76 

-.08 
'1 1 

-.7A 
1.36 

1.2A 

-.?3 
-09 

-.89 
"17 

.44 

.I1 

- .P5  
.01 

-1.65 

. O R  

.4R 

-.92 
.35 

.83 
-13 

-.38 
.27 
.12 

.87 

-.33 
.15 

.21 

.10 

1 .a3 
.El 

-.22 
-.lo 
-06 

1.62 

-.11 
-76  

-.73 
1.01 

1.53 
.30 

"25 
- . R O  
,72 

.97 

.15 
"26 
"96 
-.93 

-70 
-.oo 

-1.01 
-.18 

.81 

.14 
-.42 
.27 
.13 

.86 

- . 4 0  
.15 

.21 

.13 

.91 

.21 
-.37 
.05 
.07 

1.17 

-.28 
.33 

-.33 
.24 

1.46 
.35 

-.31 
-.72 
.64 

1.37 

-.37 
.22 

-.90 
.18 

1.16 
.ll 

-.46 - .99 

.80 

.15 
-.45 

-26 
.I4 

-86 

- . 4 3  
.18 

.20 
-15 

,86 
.22 

-.47 

-17 
.15 

.89 

-.48 
.30 

- . O 2  
.10 

1.01 
-36 

-.SO 
-.28 
.12 

1.18 

-.52 
-31 

-.53 
.25 

1.18 
.I3 

- . b o  
"72 

-25 CP 
-16 C P l  

-84 'UO/UINF 
.15 VR/UINF 

-149 WB/UINF 
.19 CP 
-16 CPT 

.86 Ut)/LlINF 

"50 WO/UINF 
-17 Vtl / l l INF 

.13 CP 
-15 CPT 

-83 UB/UINF 
-22 Vb/UINF 

"55 W I / U I N F  
.13 CP 
-18 c p r  

UB/UINF 

"62 YB/UINF 
e22 Vtr /UINF 

-.02 CP 
.14 CPT 

UB/UINF 
- 2 0  V B / U l k F  

- .66 WO/UINF 
"16 CP 
- 1 1  CPT 

-81 Utl /UINF 

"75 YCI/UINF 
1 1 VH/UI  NF 

"17 CD -. 
-.41 . 05  .oej  CPT 

TABLE C3.-  Continued 

( b )  R = 4. Continued.  (This  table is for  upper  part  of  cross 
section shown in  fig. 13. 



K / D  4.16 
Z / D  = ?.03 

Q = 4.00 U I N F  = 38.1 M/SEC 
PHI = 31.8 DEG 

1.5 

1 . 0  

.5 

0.0 

-.5 

-1.0 

-1.5 

- 1 6  
05 

-.73 
.01 
.ll 

.R2 

-.7? 
- 0 9  

- .1R  
* 04 

.84 

.1R 
-.65 
-.17 

.01 

.85 

" 6 1  
.23 

-.09 
.06 

.R2 
- 2 5  

- . 5 H  
-.01 
.Ol 

- 8 6  

-.53 
.22 

.oo 

.08 

. A R  

. l R  
-.49 
-.01 

. 05  

-1.01 

.RH 

.18 

-1.04 
-.29 

-1.15 

.94 

-.30 
.30 

-, 68 
-.60 

.94 

.31 
- e 2 4  
-e41  
- . 3 ?  

,133 

-. 3R 
.33 

-.19 
-,23 

.e1 

.25 
-, 45 
-, 06 
-e14 

.H1 

-.45 
.19 

-,21 
-.30 

.7R 

.18 

- 1 . 0 5  
.?O 

-1.36 

- 7 7  
.31 
.18 

-1.05 
-.76 

.54 

.07 

" 7 1  
.5H 

-1.0R 

.75 

.OR 

.33 

-1.10 
-.77 

.62 
- . I 3  

-.93 
.37 

-1.39 

-.P1 
.73 

.21 

-1.19 
-.a1 

-.11 
.69 

-.01 

-1.52 

-.21 
. R5 

-.09 

-1.01 
-.A4 

-.28 
.89 

-.I8 
-.4b 
-.55 

.86 
-.77 
-.35 
-.23 
-.?9 

-1 .no 

.n7 

-.38 
-.1R 

-.23 
-.29 

.77 
"16  
- . 4 R  
-.11 
-.26 

1.06 
.ll 

-.43 
-.95 
-.62 

.Y7 
-.04 
-.40 
-.90 
-.78 

-.21 
.95 

-.49 
-.68 
-.50 

.94 - .30 
-.48 
-.37 
"17 

-.32 
.86 

-.49 
-.I2 
-.04 

- 8 6  
-.23 
-.49 -. 05 
-.01 

-.19 
- 8 6  

-.48 
-.06 -. 06 

1.07 
.20  

-.63 
-.53 

- 0 6  

- 9 8  

-.67 
-03 

-.54 
-.13 

- .20 
.94 

-.67 
-.48 
-.11 

.91 
-.28 
-.60 
-.E7 

. 0 1  

-.2R 
.89 

-.58 
"09  
.ll 

. 88  
-.23 
-.51 
"03 

.06 

-.20 
.85 

- . 52  
.01 
.Ob 

.84 U b / U I N F  

-.72 YB/UINF 
"25 CP 

. 0 1  CPT 

.85 U R / U I N F  
-.04 VB/UINF 
-.73 Y b / U I N F  
-.E9 CP 
" 0 1  CPT 

,16 V @ / U I N F  

-.15 V b / U I N F  
-87 l l t + / U I N F  

-.71 

CPT -08 

Yb/UINF 

- 8 7  U b / U I N F  
"22 Vb/UINF 
-.64 Yb/UINF 
"14 CP 

- 0 9  CPT 

"20 VB/UINF 
.I33 UB/UINF 

" 6 1  Yb/UINF 
-.02 CP 

-.21 CP 

e10 CPT 

e88 U b / U I N I  
-.19 
- e 5 4  WB/UINI  

VB/U IN I  

-.02 CP 
m08 CPT 

-. le VR/UINF 
- 8 7  UB/UINF 

-.52 UR/UINF 
-.oo CP 
-07 CPT 

TABLE C3.- Continued 

(b) R = 4. Continued. (This table is f o r  lower  half of 
cross  section  shown  in fig. 13.) 



X/D 6.69 R = 4.01 UINF = 38.8 M/SEC 
Z / D  2.03 P H I  = 31.8 DEG 

~ m , - 2 . 5 0  -1.00  -.50 0.00 .50 1-00 1.50  2.00  2.50 
ZB/D 

I 1 -71 
. o s  

~ 1.5 1 -.77 
' .09 

.19 

-86 

1.0 "69 
.12 

-.20 
.02 

.87 

.19 

.08 
I i .25 

.84 

0.0 " 6 0  
I -.01 

. I  1 

0.0 I " 6 0  
.25 

I -.01 
. I  1 

.85 

.10 

-.BE 
-.23 

-1 - 0 3  

.97 

.19 
-.21 
- .a0 
-.78 

.98 

.31 
"24 

-.39 
-.52 

32 
.92 

-.28 
"31 

-.23 

.85 

.26 - .37 
"17 
"24 

.83 

"41 
.22 

-. 07 
-a17 

.77 

- .44 .23 

-.lo 

.60 -57 

-24 -49 
.18 .08 

-.75 "68 
-1.30 -1.11 

.18 .10 

.79  .68 

.13 -36 

-1.16  -1.15 
-.a4 -.I4 

.89 -69 

.24 -03 

.Ob -25 
"70  -.63 
-.a5 -1.09 

.75  .66 

" 0 6  -07 
.24 -02 

-.47 -.58 
-.85 -1.15 

.70 .57 

.20 .n3 
"26 "23 
-.41 -.53 
-.a1 -1.15 

.83 -67 

- . 3 4  - . 3 3  
.Ob .01 

-.48 "52 
-.67 "96 

.57 .57 

- . 4 6  - .SO 
.12 -.02 

"2.9 -.33 

62 

.33 
-03 

-.R7 
-1.39 

- 6 3  -. 15 
.24 

-.75 
-1.26 

.76 
-.I6 

- . 6 6  
-10 

-1.05 

. R O  
-.14 

-.57 
"07 

"91 

-.09 
.RO 

"31 
-.4? 
"68 

72 
"13 
-.32 
-.37 
-.73 

-.11 
.h3 

-.50 
-.20 

-.01 
.6R 

-.07 
-.9? 

-1.45 

"09 
.88 

-.03 

-1.09 
-.a8 

-.18 
.92 

-.14 
-.65 
-.75 

.89 
" 2 6  
-.22 
-.3* 
-.43 

-.?3 
.8R 

-.35 
-.21 
"26 

.84 
"16 
-.45 
-.12 
-.1R 

"13 
.82 

-.49 

.85 

"46 
.Ob 

-. 65 
"71 

.97 
-.07 
-.41 
-.71 
" 6 0  

-.23 
.93 

-.44 
-.55 -. 43 
.94 

"29 

-.24 
-.44 

-.07 

"27 
-.46 
-.08 
-.03 

.87 
-.21 
-.47 
-.01 
.02 

"17 
.I36 

-.49 
-.01 

.8r  

1.03 

-.63 
.13 

-.02 

.94 
"03 
-.65 
-.45 
-.14 

"23 
.90 

- .66  
"29 
- . D O  

.88 
"27 
-.59 
-.13 
-07 

"27 
.85 

-.54 
-.01 . O Y  

.He -. 19 
-.51 
.01 
.09 

"19 
.86 

-.50 
.04 

-.5n 

- 8 0  UB/UINF 
e10 VB/UINF 

-.12 CP 
-.75,YB/bINF 

-09 ~ CPT 

-.Ob VY/UINF 
"72 Yb/UlNF 
"23 CP 

- 0 1  CPT 

-85 UB/UlNF 
"17 VB/UlNF I 

-.16 1 CP 
-.6Q 1Yb/UIkF 

-.62 

CPT e 0 9  
CP -.07 

'YB/UINF 

-85 UB/UINF 
"21 Vb/UIhF 
- e 5 9  UB/UINF 
-.oo CP 
.ll CPT 

"17, VB/UlhF 
-117 UY/UINF 

-.53i YB/UINF 
.03 
e10 

CP 
CPT 

.84 

.01 
-07 

.R5 
-19 

-1.0 -.51 
.Ob 
-07 

.84 
-e16 VHlUINF 

- 8 6  UB/UINF 

"53 WBlUINF 
.04 CP 

TABLE C3 .- Continued 

(b) R = 4. Continued. (This table is an  extension of 
cross sect ion shown i n  f ig .  13. 



X/D = 5.20 
Z / D  5.81 

R = 3.99 UINF = 38.8 M/SEC 
P H I  = 71.3 DEG - 

- 
1.5 

1.0 

.5 

0.0 

-.5 

,1.0 

,1.5 

- . 0 4  
.95 

"29  
.09 
to8 

1.00 
-.08 
-.25 

.oo  

. 0 8  

-.11 
1-16 

-.21 
-.15 

.22 

1.20 
-.16 
-.19 
-.24 

.27 

-.11 
1.27 

-.1A 
-.45 

.22 

1.06 
-.06 
-.?1 
-.45 
-.?7 

"07  
.94 

- .TO - - 5 6  

-.01 
.92 

-.28 
.13 
- 0 6  

.99 
"06  
-.22 

. O D  

.05 

-.os 
1.17 

"16  
"19 

.22 

1.32 
"07  
"15  
"30 

.49 

- . lo  
1.17 

- e l 4  
-.43 
-.03 

.88 
-e06  
- . lo  
-.*a 
"70 

"04 
.75 

"56  
~ 0 4  

.94 

.02 
"26  

. 0 7  
-03 

1.03 
- . D l  
"17  
- . 08  

.02 

-.01 
1.21 

-.12 
-.20 

- 2 9  

1.31 

"13  
.02 

"32 
.41 

1.05 
.01 -. 14 

-.48 
-.34 

.81 

.01 

.oo 
-.49 
- . 83  

-.oo 
.67 

-.52 
.17 

.93 

.04 
-.27 

.1? 

.06 

1.01 

-.20 
-05 

"03 
.03 

1.17 
.05 

"16  
-.16 

- 2 4  

1.29 

-.13 
.07 

-.37 
.34 

1.10 
.07 

-.13 
-.43 
-.18 

.86 

"07  
- 0 6  

-.48 
-.72 

.66 
- 1 6  

-.51 
.05 

.94 

- . 2 0  
VP/UINF .11 
ub /U lNF  

kB /U INF 
. O R  CP 
.Oh CPT 

.99 UB/UINF 

"21 WB/UlNF 
.10 VR/UINF 

-.02 CP 
.01 CPT 

1.11 UR/UINF 
- 1 2  VB/UINF 

-.15 WR/UINF 
- . ] A '  CP 

. l o  CPT 

1-20  UH/UINF 

Wb/UINF 
a 1 2  VEi/UINF 

"26 CP 
.23 CPT 

1.27 UH/UINF 
- 1 2  VR/UINF 

"20 Wb/UINF 
-.45 CP 
.23 CPT 

a93  UB/UINF 

"17  WP/UINF 
-13  VB/UINF 

-.41 CP 
-.49 CPT 

.87  UB/UINF 

"09  WB/UINF 
.07  VH/UINF 

-.54 CP 
-.771 CPT 

x / o  = 6.00 
Z / D  = 4.00 

R = 4.1H UINF = 38.4 H I S E C  
P P I  = 17 .0  D E 6  

- y 
1.5 

1.0 

.5 

0.0 

-.5 

-1.0 

-1.5 

- 

0.00 - 4 4  .Y6 1.48  1.99 

-.01 .13 
.9Q 1 - 2 5  

-.06 -.Oh 
-.53 -.69 
-.55 - . l o  

- 7 8  .92 
-.01 .02  

- 1 0  - 0 6  
"57 "60 
-.Y5 -.74 

- 6 3  .75 
-.03 -.01 

-.58 "64  
.22 .19 

.1.13 -1.03 

e61 - 6 5  
. o o  -.15 
.39 . ? l  

-.45 -.5Y 
-.93 -1.oq 

- 6 6  .62 
.10  -.11 
- 2 9  . 27  

-1.00 -1.01 
-.53 -.48 

.79 .78 

.10 -.1R 

.17 .13 
" 6 1  -.53 
-.94 -.A7 

.71 .50 

.04 -.22 
- 0 8  .16 

-.58 -.?4 
.1.07 -.91 

1.08 

- . l o  
.22 

-.44 
-.20 

.93 

.15 
- . O R  
-.55 
"66  

.92 

" 0 4  
. 0 4  

-.64 
- . 7 8  

-.04 
.72 

.05 
-.5Y 

-1.06 

-.12 
.85 

-.55 
.02 

-.82 

.97 
-.17 

.a1 
-.45 
-.47 

-.22 
.89 

-.06 
-.32 
-.4R 

1.35 
.20 

- . l 6  
-.65 

.25 

1.07 

-.21 
.?O 

-.51 
-.27 

1 .O? 
.09 

-.1P 
-.61 
" 5 1  

1.on 

-.1q 
.04  

"65  
-.61 

- . I 1  
1.12 

-.12 
-.64 
-.35 

1.06 
- e  16 
-.17 
" 4 1  
-.?4 

-.2? 
.Y7 

-.15 
-.20 
-.1R 

1.21 

Wtl/UlNF -.29 

UH/UINF 

CP - . 3 h  

VB/UIkF .25 

.?5 CPT 

1.23 ?IR/UINF 

-.24 Wb/UINF 
.17 VB/UINF 

-.5h CP 
.n5 CPT 

1.?3 

"35 WB/UINF 
.13  VB/UINF 

UR/UINF 

-.52 CP 
.15 CPT 

1.1R UB/UINF 

- .32 WP/IJINF 
.04  Vh/UlNF 

-.57 CP 
- . O R  CPT 

-.O6 VH/UINF 
1.07  Ut l /UIhF 

-.37 Wb/UINF 
-.43 CP 
-.13 CPT 

.9h  UR/UINF 
"19  V@/UINF 

-.24 CP 
-a42  Wtl/UINF. 

-.lo CPT 

1.01 UB/UINF 
" 2 2  VR/UINF 
"29  JH/UINF'  
-.?4 CP 
- .OP. ,  CPT 

TABLE C3.- Continued 

(b) R = 4. Continued. 



X / D  = 8.44 R = 4.00 UINF = 39.0 W S E C  
Z/D = 6.78 P H I  = 11.0 DEG 

.-3.55  -2.54  -1.02 " 5 1  0.00 .51 1.02 1.53 2.04 2.55 3.56 

- a 0 4  
.99 

1.5 -.El 

1 - 0 4  
.01 

1.00 

1.02 
-.05 

.5 
-.Ob 
-.19 

-03 
I 
! 
I "06 

1.01 

j 0.0 - .20 

I 
-. o* 
-03 

I 
1 .oo 
-.06 

I -.5 "24 
- . 0 2  

04  

j 1.01 
' -1.0 -e24 

- * 0 4  

1 "06 
.03 I I !::; 

-.os 
.99 

"19 

.05 

.02 

1 .oo 
-.06 
"17 
-.oo 
-03 

- . O B  
1 .oo 

"19 
-.01 

- 0 4  

-.08 
1.03 

-.21 
"07 

. 0 4  

"09 
1.04 

- . E 3  
"06 
.OB 

- . O R  
1.06 

- .24 
"13 

06 

1.05 
"09 
" 2 6  
-.12 

.07 

-.os 
.97 

"14 

.01 
- 0 3  

1.04 -. 0 7  
-.lo 
-.07 

.04 

-.OR 
1.09 

-.lo 
"13 
.08 

1.14 
-.09 
" 0 7  
-.21 

.10 

-.09 
1.12 

- . O B  
" 2 4  

. 0 3  

1.08 

-.09 
-.Ob 

- . 3 4  
"16 

.93 
-.04 
-.07 
" 3 2  
-.b5 

"04 
.98 

-.14 
. 0 3  
.02 

"05 
1.02 

- .OM 
-.04 

.01 

"06 
1.09 

-.05 
-.11 

.10 

1.14 
-a05 
- . 0 3  
-.21 
.ll 

-.02 
1.11 

"05 
-.25 
-.01 

"05 
.89 

"06 
-.24 
-.44 

-.02 
.R3 

-.01 
"29 
-.59 

-.02 
.99 

-.13 
.02 
.02 

1.05 
-.01 
-.07 
- . O B  
.04 

-.01 
1.13 

1 . 0 4  
-.13 

.15 

-.01 
1.17 

-*Ol 
-.24 

.15 

1.09 
-.03 
- . 0 3  
"25 
-.07 

- . 0 3  
.96 

- . 3 3  
.01 

-.40 

.75 
-03 
.09 

- . 3 3  
-.76 

.99 

-.14 
.01 

-.01 
.oo 

1.07 

-.08 
.01 

-.09 
.06 

1.11 
.02 

-.09 
-.Ob 

.15 

1 .EO 
.02 
.01 

- .?3  
.22 

1.13 
.07 

- .n4  
-.22 

.07 

.91 

.03 

.01 
"29 
-.46 

.77 

.05 

-.32 
.IO 

" 7 1  

.99 
-03 -. 14 
.oo 
.01 

1.03 

- . l o  
-03 

-.Ob 
.02 

1.10 
-06 

-.Ob 
- . l o  

.12 

1.17 

- . 0 3  
. 0 7  

-.20 
.19 

1.07 
.09 

-.04 
-.E2 
-.07 

- 9 6  

-.04 
.11 

-.29 
-.35 

.I39 

-.02 -. 34 
-.55 

.04 

- 0 5  
.99 

-.15 
. 0 1  
.01 

1.03 

-.12 
.07 

"05 
.04 

1.09 
.10 

-.12 
- . O R  

.09 

1.15 

-.07 
.10 

"19 
.15 

1.19 
.10 

-.09 
-.E4 

.20 

1.02 

-.08 
.12 

-.22 
"15 

.95 

.09 
- . O h  
" 3 2  
-.39 

.97 
06 

-016 
. 0 3  
.01 

.98 

-.14 
.09 

-.01 
-.01 

1.03 
.OA 

-.12 
- . 0 6  

- 0 3  

1.09 

-.11 
.12 

"15  
. O B  

1.14 
.12 

-.11 
-.19 

.14 

1.15 

"13 
.15 

-.25 
.ll 

.97 

-.18 
.ll 

-.21 
-.E2 

.98 

-.18 
.Ob 

. 0 1  

.02 

.98 

- e l 7  
. O B  

-.oo 
.01 

.99 

.ll 

"03 
-.15 

-.oo 

1.01 

"15 
.13 

-a09 
-.02 

1.07 
- 1 6  -. 18 

-.1* 
. 07  

1.09 

-.20 
.ll 

-.18 
.Oh 

1.12 

- . l b  
.12 

"23 
.07 

.98 UR/UINF 

-.20 WR/UlNF 
.04 VE/UINF 

a01  CP 
- 0 1  CPT 

.9R UB/UINF 

-.18 Y@/UINF 
.07  VR/UIFtF 

-.01 CPT 
.oo CP 

.9Y UB/UINF 

. O M  VR/UINF 

-.03 CP 
-. 19 WR/UlNF 

"00 CPT 

1.02  UB/UlNF 

" 2 1  WB/UINF 
.09  VR/UINF 

-.06 CP 
.03 CPT 

.99  IJB/UlNF 

-.23 WR/UlNF 
-.03 cp 

.10  VR/UINF 

.OZ CPT 1 

1.00 
.10 

"25 
-.os 

. 0 3  

1.01 

-.2H 
.08 

-.07 
- 0 4  

TABLE C3.- Continued 

UR/UlNF 

WB/LJILF 
VR/IIINF 

CP 
CPT 

UB/UINF 
VR/UINF 
WB/UINF 

CP 
CPT 

(b) R = 4. Continued. ( T h i s  table is for  upper half  
cross sec t ion  shown i n  f i g .  1 4 . )  



X/D = 9.22 
Z / D  = 3 . 8 8  

R 4.01 U I N F  38.9 M/SEC 
PHI = 15.0 DLG 

-3.51  -2.51  -1.00 -.5o o.no .50 1.00  1.51  2.01  2.51 3.51 

.94 

1.5 
-.oo - . x  

.10 

.ll 

.9h 

1.0 "36  
.01 

-04 
.09 

j -04 
.97 

- 5  -.36 1 . ,03 
.09 

.98 

.07 
0.0 -.34 

1 .01 
.09 

. 9 A  

"5  "32 
' . O A  

.09 

' .97 
I .ll 

I .02 

-1.0 -:;a 
I .on 

- 9 6  

- n o 3  
1 . o o  

-.35 
.01 
.13 

1.04 
" 0 3  

"06 
- . 3 6  

.15 

1.02 
.02 

-.34 
-.07 

.09 

1.00 

-.31 
-06 

" 0 7  
- 0 3  

.94 

.15 
"32  

.02 

. 0 3  

.97 

" 3 0  
.17 

.01 
- 0 7  

.98 

.14 
- .2R 
.02 . 09 

-.01 
- 9 6  

-.15 
-.26 
-.31 

.YM 

- . O A  
. D O  

- . 3 4  
-.37 

.93 

-.Ob 
- . 3 4  
-.4b 

.YR 

"07  
.ll 

-.29 
-.31 

.Y7 

.13 
-.Ob 
-.21 
-.24 

.98 

-.11 
.14 

-.19 
-.20 

.96 

.13 
-.14 
-.15 
"19  

.on 

.91 
- 0 3  

-.05 
-.35 
-.57 

.83 . oi? 

.01 
"29 
- . b o  

.81 

.04 

"29  
.07 

" 6 2  

.82 

.09 . o ?  
-.2n 
-.hn 

.H1 

.ll 
-.01 
-.25 
-.5d 

. A R  

-.11 
.ll 

"27 
-.4h 

.87 

.o5 
"17 
-.26 
- .55  

- 7 2  
.02 

-.19 
.04 

- .OR 

.77 

.ll 
"31 
-a70 

.05 

- 0 6  
- 0 3  

-.23 
.15 

-.77 

- 7 6  
.02 
. O R  

-.29 
-.71 

.e4 
- 0 6  

-.31 
.01 

-.hO 

.7P 

.06 

- .?9 
- .hR 

.77 

.Oh 
- . l o  
" 3 0  
-.70 

-.o5 

.H2 
- 0 5  

- . 3 0  
.oo 

-.62 

.79 

.04 

.09 
"31 - .hR 

-.01 
.74 

-.28 
.17 

-.70 

.91 
- . 0 3  

.09 
-.43 
-.59 

"05 
.74 

-.04 
- a 2 6  
-.72 

. R O  
"07  
- . O b  
-.?4 
-.58 

"07 
. H9 

-.IO 
-.2R 
-.48 

.A4 

.12 
-.09 
-.25 
- . 53  

.75 

.08 

.03 
-.27 
"70 

-.07 
.78 

- . 3 0  
.03 

-.bY 

.84 
- . O M  
- . 0 1  
-.?9 
-.57 

-.11 
.92 

- . 0 3  
-.27 
"41  

.n7 
-.08 

"17  
"05 

-.40 

-.08 
.89 

-.12 
"17 
-.35 

.n9 

.15 
-.17 
"19 
-.35 

.A3 

-.17 
.06  

- - 2 5  
-.53 

- 9 1  
.02 

- . 3 3  
- . 0 8  

-.48 

.Y9 
-.Ob 
-.08 
-.28 
-.2A 

-.OR 
.94 

-.09 
-.72 
-.31 

.93 
"13  
-.17 
-.09 
"17 

-.08 
.93 

-.20 
-.12 
-.21 

.95 
- 1 4  

"25  
-.07 
"07  

1.02 

"24 
.10 

"23  
-.11 

-.02 
1.03 

-.E2 
"19 
-.07 

1 .oo 
-.07 
"19 
-.23 
-.19 

-.11 
.Yb 

"17 -. 13 
17  

.9R 
"15 -. 24 
" 0 7  
-.02 

-.13 
.97 

"23  
" 0 3  
-.02 

1.07 
- 1 4  

-.2R 
-.lo 

.15 

1 .Ob 

-.29 
.08 

-. 11 
04 

1.03 
- 0 4  

-.33 
"13  . o *  

.93 
" 0 6  
- . 33  
-.lo 
-.12 

-.12 
.99 

"32  
-.08 

.02 

.9Y 
-.12 
"29  
-.04 
-03 

-.11 
.97 

-.2R 
. D O  
.03 

.94 

WB/UINF - a 3 6  
V b / U l k F  -08 
U B / U I N F  

.07 CP 
- 0 9  CPT 

-99 U B / U I N F  

" 3 6  YB/IJINF 
- 0 6  V B / U I N F  

- .Ob CP 
.09 CPT 

.YY  U t l / U I k F  

. 0 3  VB/UI t iF  
"38 Y B / U I N F  
-.01 CP 

- 1 2  CPT 

.Y6 U B / U I L F  
-.01 V B / U I k F  
-.37 U B / U I k F  

.01 CP 

.06 CPT 

-.07 V B / U I k F  
.97 l ILI/UINF 

- . 3 6  U B / U I k F  
.02 

~' CP .ll CPT 

.97 U R / U I N F  
-.09 V b / U I N F  
- .34 Y E / U I N F  

.02 CP 

.OY CPT 

-.07 V U I U I N F  
.95 U b / U I N F  

-.31 YU/UIF(F 

- 0 7  CPT 
.os CP 

TABLE C 3  .- Continued 

(b)  R = 4. Continued. (This  table is for  lower h a l f  o f  
c ross   sec t ion  shown i n  fig. 14.  ) 



X/D 14.00 
Z/O = 6.00 

R = 4.14 UINF = 39.4 W S E C  
P H I  10.5 DE6 

X / D  = 14.00 R 4.15 UINF = 39 .4WSEC 
Z / D  5 8.25 P H I  = 10.5 DLG 

-.48 0.00 -50 1.02  1.52 
I 

1 .nn 'UB/UINF '4 1.02 

-.12 
, 0 3  

-.I4 
"07 

. 9 R  

- . l o  
.01 

-.17 
-.21 

.94 

.oo  
-.08 

-.32 
-.20 

. 87 
-.oo 

.02 
-.25 
-.4Q 

,110 
.02 

-. 19 
.02 

-.55 

. 8 3  

.02 
07 

-.24 
-.54 

. R 5  

.01 

- . I6  
- 0 3  

' 1.02 
- . 0 3  

1.5 , -.13 
I - . l o  
~ -.04 

.97 

.01 
1.0 -.Ob 

-.21 
~ -.I5 

1.05 
.05 

-.12 
-.13 
- . 0 1  

.02 
- 9 6  

-. 16 
-.07 

-.22 

.Y3 
n o 4  

-.02 

-.29 
-. 17 

.85 
-.01 

.04 

-.4H 
-.20 

- . 0 1  
e86 

"17 
.01 

"42  

. P 7  
-.01 

"19  
-.01 

-.43 

.87 

-.02 
.02 

-.23 

1.04 
. 0 3  

-.15 
-.11 

. o o  

1.01 

-.12 
.05 

-.11 
-.Ob 

. R R  

- .OY 
.06 

- 0 1 3  -. 34 

'. 94 

-.OY 
. 0 3  

-.22 
" 3 2  

. Y 3  

-.04 
-.oo 

-.31 
"19 

.82 

-. 15 
- . 0 3  

-.4A 

. P A  

-.20 
"06 

-.n7 

-.nz 

-.01 
1.00 

"17 
.Ob 
.09 

1.02 .. 0 0 
"14 

* 0 1  
O R  

1.09 
-.01 
-.12 
-.02 

.19 

1.07 
-.01 
-.11 -. 05 
.ll 

1.04 

-.12 
.01 

-.OR 
.02 

-.02 
.95 

- . l o  
"06  
"15  

- 9 2  
.01 

"09 -. I2 
"25 

1.01 
.01  

-e17 
.04 
- 0 9  

1.04 

"13 
.02 

-.oo 
.10 

1.05 
.02 

"13 
"03 
.ll 

1.06 

- . l o  
.01 

"04 
.10 

1.04 

-.lo 
"07 

.02 

1 .02 
.01 

-.12 
"13 

"06  

-.oo 
.9? 

-.I2 

.n1 

-.ne 

1 .on 
.02 

-.15 
.04 
.07 

1.02 

-. 14 
.04 

.01 

.08 

1.08 
. 0 3  

-.I2 
-.05 

.14 

1.09 

-.I2 
- 0 3  

-.07 
.14 

1.06 
-05 

-.12 
-.06 

- 0 7  

.94 
- 0 3  

"04 
-.13 

-.14 

.93 

- . l o  
.04 

1.01 
.05 

"15 
.02 
.07 

1.02 

"14 
- 0 3  

.oo 

.Ob 

1 . O Q  
.05 

"14 
-.01 

. l e  

1.08 
- 0 4  

-.Ob 
-.I2 

.13 

1 a04 

-.12 
"07 

- 0 4  

1.05 

"13 
.05 

"13  
-.01 

- 0 6  
.98 

-.11 
- . I 3  

.or 

1.5 

1.0 

.5 

0.0 

-.5 

-1.0 

-1.5 

1.03 UB/UINF 
.05 IVP/UINF 

-.12 C P  
- . l o  /WB/UlhF 

I 

-.a4 1 CPT 

1.02 UB/UINF 
- 0 5  VWUINF 

-.15 Yt(/UINF 
.03 c p  
.09 CPT 

1 .n3 U W U I N F  

-.15 YB/UINF 
.07 Vd/UINF 

.03 CP 

.13 CPT 

, - . 0 3  
1.00 

.5 ' -.05 

1.03 IUB/UINF 
.OR 'VB/UINF 

- . 1 ?  WB/UINF 
-.17 CP 

-.Or ~ 

CPT 
-.2b 
"25 

.HR 

.01 

"19 
-.40 

- . 0 3  
.82 

-.20 
.oo 

-.52 

.H8 
- 0 6  

- . 2 3  
- . 0 3  

"45 

- 0 6  
.84 

-.18 
- 0 6  

-.n5 

1.03 !UB/UlNF 
VB/UINF 
Y ~ ~ I N F  

I CPT 
CP 

1.06  UB/UINF 

-.I4  YB/UINF 
.07 VB/UINF 

-.02 CP 
. I 3  CPT 

-.11 
.os 

- . ? O  
-.12 

.95 

. 0 4  -. 06 

-.26 
-.16 

0.0 

-.5 

1.0 

1.5 

1.03 UB/UINF 

"13  YB/UINFI 
.09  VB/UINF 

- . 0 3  C P .  , 
.n5 CPT 

1.04 'UB/UINF 
.06 

YB/UINF  "13 
VB/UIHF 

-.09 CP 
.01 CPT 

UB/UINF 
VB/UlNF 
YR/UINF 

CPT 

-.OS VB/UINF 
.R9 UB/UIFtF 

-.1 I :CB/UINF 
-.16 CP 
-.34 CPT 

.99 

WB/UIhF -.OQ 

UB/UINF 
-.on 

CP -.15 

Vt I /UlhF 

-.I1 -.I1 CP 
.. ~ -.22 -.15 -.01 CPT -.47 . . .  - .41  - . I6 I CPT "44  "47 

TABLE C3. - Continued 

(b) R = 4.  Continued. 



X / D  = 15.7R 
Z/D  8.60 

R 4 . 0 0  UINF = 38.6 
P H I  = 10.0 

1.5 

1.0 

.5 

0.0 

- . 5  

-1.0 

-1.5 

- 

-.01 
.95 

"17 
.lo 
-03 

.99 
-.02 
"14 
.02 
.02 

-.02 
1.00 

"16 
-.oo 
-03 

1.02 
-.OS 

-.03 
-.12 

-03 

1.02 

-.12 
-.04 

-.os 
. 0 1  

1.05 
- .01  
-.11 
-.09 
.02 

1.01 
-.03 
"13 
-.13 
-.OB 

.97 

.02 
"16 
.Oh 
-03 

1.00 
-.o2 
"14 
.01 
-03 

-.02 
1.04 

"13 
"03 

- 0 6  

1.04 
"03 
-.11 
"05 

.os 

-.02 
1.05 

-.11 -. 07 
-05 

1.02 
-.02 
-.11 
-.lo 
"05 

-.. 0 1 
1.02 

"09 

"09 
-.lo 

-96 
. 0 1  -. 15 
.08 
.02 

.99 

-.12 
-.oo 

.01 

.01 

- . 0 1  
1.04 

-.11 
-.05 

.05 

1.04 
-.01 
-.12 
-.03 
.07 

1.05 
.01 

-.12 
-.07 
.04 

1.02 
.oo 

-.12 
-.13 

- . 0 6  

1.00 
-.oo 
-.lo 
"15 
-.13 

.98 

.07 
"16 
-05 
.03 

.99 

"13 
.01 

.oo 

.01 

1.05 
.01 

-.12 
-.03 
.08 

1.03 

-.13 
.oo 

" 0 5  
- 0 4  

1.05 
.oo 

-.09 
"07 
-06 

.99 

-.12 
. 0 4  

" 0 7  
- . 0 7  

.98 

.02 
- .OY 
-.12 
-.IS 

.96 

.04 
-.17 

. O R  

. 0 4  

1.00 

"17 
. o.? 

-.01 
.02 

1.03 
.02 

-.01 
-.I3 

.07 

1.05 

"13 
.00 

-.04 
. O R  

1.07 
.01 

- . l o  
-.07 
.09 

.98 
-.oo 
- . I ?  
- . 06  
-.08 

.92 

.05 
-.13 
-.07 
-.EO 

I t ) /UIYF 
f€i/UINF 
IB /UINF 

CP 
CPT 

JR/UlNF 
/B/UINF, 
IB /UINF 

CP 
CP7 

JB/UINF 
/B /UINF 
rB/UINF 

CP 
CPT 

JB/UINF 
I B / U I N F  
dCI/UINF 

CP 
CPT 

Jb/UINF 
IIB/UINF 
JB/UINF 

CP 
CPT 

UB/UINF 
VB/UINF 
WB/UINF 
' CP 

CPT 

UB/UINF 

Wb/UINF 
VB/UINF 

CP 
CPT 

X / D  = 35.00 
Z / D  8.50 

P = 4.14 lJINF = 39.1 H/SEC 
P H I  = 6.3 DEG 

1.5 

1 .o 

.5 

0.0 

-.5 

-1.0 

-1 - 5  

-.51  "01 .48 .97  1.46  1.Y6 

- .oo 
1.01 

- . O R  
-.lo 
" 0 7  

.95 
-.oo 
- .oo  
-.02 
-.11 

.97 

.01 
- . 0 7  

"14 
-. 09 
.97 

-.oo 

-.12 
-. 05 
-.1R 

.94 

.01 

-.lo 
-.21 

-92 

-.04 
. o o  

- . O R  
-.22 

-92 
.01 

"07 
-.lo 
-.24 

- .n7  

1.01 
. o o  

-.08 
-.lo 
- . 0 7  

-96 

- . 0 4  
- .oo  

- .oo  
- . O R  

.9v 

- . O B  
.01 

-.09 
-.11 

.9A 

-.Ob 
.01 

-.11 
-.13 

.94 

. o o  
- . O R  
"09 
-.20 

.95 

-.Ob 
-.11 
-.20 

.95 

.01 
-.D6 
-.09 
"19 

.n1 

-.oo 
1.00 

-.07 
-.lo 
-.lo 

.99 

-. 04 .oo 

-.07 
"09 

.98 

.oo 
-.lo 
-.lo 
-.12 

.9a 

-.07 
.02 

-.09 
-.12 

.94 

.01 
-.09 
-.12 
-.23 

.97 

-. 09 . o o  

-.13 
-.18 

-.01 
.93 

"07 
-.12 
"26 

-.01 
1.01 

-.07 
- .n7 
-.05 

.97 

- . 0 3  
.n1 

.n3 
-.04 

.9n 

-.on 
.n1 

- . 0 3  
-.n7 

.q4 

-.09 
-.04 
-.07 

-96 
.01 

-.Ob 
-.06 
-.12 

-96 

-.07 
-.Ob 
-.1? 

.95 

.01 
- . 0 7  
- . 0 7  
-.16 

. n3 

-.n1 

.99 

-.oq 
- . 0 7  

.n3 

-.n7 

.9P 

-.02 
. 0 7  

-.01 -. n5 

1 .no 
.02 

-.lo 
-.07 

-.in 

. SR 
-. 08 .oo 

-.12 

1.00 

- . In  

.n3 
-.n9 
-.11 
-.lo 

.97 

-.n9 
.n1 

- .12 
-.16 

.97 

.02 -. OR 
-.12 
-.17 

1.02 
.02 

-.09 
-.04 

.93 

-.oo 
. 0 3  

-.09 
.04 

1.01 
.02 

-.09 

-.06 

.97 

-.08 
.01 

-.07 
-.12 

1 .oo 
.Ol 

-.09 
-.09 

-.in 

-.in 

- . n ~  

-.oo 
.98 

-.09 
-.11 
-.13 

1.02 
.01 

" 0 7  

VB/UlNF 

UH/UINF 
VB/UINF 
WB/UINF 

CPT 

UR/UlNF 
VB/UlNF 
WR/UINF 

CP 
CPT 

l IP /U lNf  
Vq/UIYF 
Wb/UINF 

CP 
CPT 

I lF /UINF 
VH/UINF 
WR/UINF 

CP 
CP7 

IJH/UINF 
VH/UINF 
WR/UINF 

CP 
CPT 

I IH/UlNF 
VH/UINF 
WH/UINF 

-.09 ' CP 
- .OL CPT 

TABLE C3.- Continued 

(b) R = 4 .  Continued. 



X / D  5 45.00 R 4.16 U I N F  39.5 W S E C  P I N F  = .102E+06 N/F(**2 
Z/D 5 9.75 P H I  = 5.8 DEG Q = .965E+03 N/H**2 

' x - 1 . 0 1  -.51 0.00 .51  1.01 

-.01 
1.00 

-.06 
"04 

-.03 
.94 

1.0  -.01 
.01 

"09 

-.03 
.95 

.5 -.05 
- . O E  

1.5 -.m 

I -.11 

.92 

0.0 "07 
-.03 

-. 03 
-.le 
.97 

-.01 
-.5 ' m.06 

- .on  
"14 

.93 
-.01 

1.0 
- .on 
- . o e  

-.20 

-.oz 
.97 

1.5 -.06 
-.11 
- . I8  

-.01 
1.01 

"09 
"06 
-.OE 

.97 
- .oo 
-.01 

"04 
.01 

-.oo 
1.01 

-e06 
-so6 
"04 

.95 
-.OE 

-, 04 
-.07 

"13 

-.oo 
99 

"06 
"07 
-.08 

.94 

" 0 9  
. 04 

"07 
-.I7 

.94 

"06 

-.IS 
" 0 6  

.no 

1.02 
.01 

"09 
- .08  
"03 

.93 
-.01 -. 05 
-.12 
.01 

-.01 
.99 

-.03 
-.04 
-.06 

1 .oo 
- .oo  

-.08 
- .OH 

-.06 

.96 

. o o  
-.06 
-.OS 
- .12 

.95 
-.01 
- . 0 7  -. 05 
-.15 

- . oo  
.97 

" 0 6  
-.09 

-.01 
1.00 

-. 0 9  
"07 
-.os 

.97 
-.01 
-.04 
-.01 
-.Oh 

- .oo 
.99 

-.05 
" 0 5  
-.06 

.99 

"07 
. o o  

" 0 9  
-.09 

.9R 

.02 -. 06 
"13 

.oo 

.92 

-.o* 

-.24 

.87 

- .Oh 
-.02 

-.lo 

- .on  

-.nz 

.9F 

.01 
"09 
-.OS 
"07 

1.00 

-.03 
.01 

-.05 
-.04 

.99 

.01 
"06 
-.05 
-.06 

.94 

- . o e  
. o o  

-. 06 
- . l e  

.99 
-03 

"07 
-.11 
-.13 

.q2 

.no 
-.n5 
- i o 4  
"19 

.97 

.oo 
-.08 
-.09 

-.I5  -.Z6 -.I3 

UU/UINF 

YU/UINF 
Vd/UINF 

CP 
CPT 

UU/UINF 
Wlj/UIhF 
Yt i /U lkF  

CP 
CPT 

UB/UINF 
V U / U l h F  
UH/UlNF 

CP 
CPT 

UB/UINF 
V W J I N F  
UU/UINF 

CP 
CPT 

UB/UINF 
VM/UINF 
YA/UINF 

CP 
CPT 

U!I/UINF 
WU/UlhF 
IJn/UINF 

CP 
CP T 

JU/UlNF 
Wa/LIINF 
dP/UINF 

CP 
CPT 

TABLE C3.-  Continued 

(b) R = 4. Concluded. 



X / D  = 2.00 
Z / O  = 3.50 

P = 6.03  IJINF = 41.1  H/SEC 
PHI  = 38.0 DtG 

1.5 

1 .o 

.5 

0.0 

-.5 

-1.0 

-1.5 

3.14 
.07 

4.5R 
.92 

5.60 

- . O ?  
1 .os 

.54 
2.72 
2.30 

-.12 
.51 

1 .70 
2.16 
1.43 

.55 

1.35 
2.99 
1 .R5 

- . n l  

3.14 
.4h 

-4.25 
.Y3  

6.19 

1.66 
.45 
.38 

-3.67 
-1 -52 

1.02 
.45 

-3.43 
.8H 

-2.40 

-.39 
1.38 

1.03 
-4.42 
-2.19 

3.07 
.58 

-4.31 
.78 

5.49 

2.39 
.57 
- 3 2  

-4.11 
1.19 

1.40 . hO 

-3.92 
.22 

-2.53 

1.45 
-.22 

.55 
-4.45 
-2.97 

2.54 
.73 

-3.39 
.44 

2.9') 

2.R2 
. 7 5  
- 4 2  

-4.73 
3.77 

1 .R5 

- . 0 7  
-3.62 
-.64 

2.1P 
-.09 
-.?1 

-4.71 
-.79 

. S H  

1.61 
.80 

-7.16 
. 1 0  

.17 

2.5P 
.R3 
.20 

-3.30 
3.33 

2 .57  

-.09 
.h6 

-4. 34 
1.93 

2.3A 
.24 

-4.36 
-.41 

. h 6  

.97 

.75 
-.44 

-1.24 
-.51 

1 . R 4  
.R3 

-2.95 
-.27 

.24 

2.27 

-.43 
.74 

-3.68 
1.33 

2.22 
.26 

-4.04 
- . h 4  

.49 

-66  IJH/UINF 

-.77 WH/UINF 
.42VB/U lNF  

"46 CP 
"25 CPT 

.87UB/UINF 

.48 VR/UINF 
-.YO WR/UINF 

-.21 CPT 

1 -07   UB/U INF 
- 3 1   V R / l l I N F  

-1.07  WR/UlNF 
-1.74 CP 

- . 3 4  CPT 

-1.03 CP 

1 -11  IIH/UINF 

-1.13  WR/UINF 
-02 VH/UINF 

-2.07 CP 
-.54 C P T  

X / D  6.00 R = 6.05 UINF = 41.1 W S € C  
Z / D  6.00 P H I  = 24.0 DEG - 

1.5 

1.0 

.5 

0.0 

-.5 

-1 .0  

-1.5 

D.00 .48 .95  1.43  1.91 2.39 

.82 

. o o  

" 5 2  
.32 

-.7* 

.Q1 

.so 
-.H1 
-.73 

"03  
.81 

-.78 
.67 

- .67  

.91 -. 05 

.73 
-.A5 
-.49 

-.06 
.79 

-.70 
- 6 7  

"62 

.91 

.o 1 
a50 

-.b7 
-.58 

.Rb 

-. 48  
.36 

-.61 

.04 

.n2 

1.16 
-15 

-.95 
- 1 6  

-.5h 

.99 

.16 

.35 

-.73 

.01 

.93 

.57 

-.67 

.98 
" 0 7  
-60 

-.88 
-.55 

"06 
1.06 

-.93 
- 5 6  

-.49 

1.04 
-.16 

- 4 6  
-.59 
"25 

- . l 4  
1 .oo 

-32 

-.e7 

-.e7 

1.18 
- 3 1  

-.a3 
- 0 7  

-e32  

1.03 
.23 

-. 96 
.17 

-.81 

1.20 
.16 

-1.19 
.22 

-.67 

1.20 
.03 
.34 

-1.07 
" 5 1  

-.11 
1 - 2 7  

-.90 
.24 

-.21 

1.15 - .30 
.24 

- .6R 
-.20 

-.34 
1.06 

.13 

1.35 

-.15 
- 3 6  

-.90 
.10 

1.35 
-26 

-.12 

-.15 

1.21 

-.11 
.29 

-1.10 
-.53 

1.55 
- 0 7  

-.05 
-1.45 
-.02 

1.36 
-.02 

-1.00 
-.12 

"13 

-.25 
1.35 

-.15 
-1;07 

- . l o  

1.03 
"46 
- . I 4  

-1.oe 

1.33 
.44 

"29 
-.h8 

.39 

1.38 
.34 

-.34 
-.e1 
-36 

1.44 
.27 

-.31 
-1.18 

.08 

1.30 
.15 

-.39 
-.e7 
-.01 

1.45 

"40 
.01 

-1.12 
.17 

1 .?3 
-.25 
"42 
-.75 

- 0 3  

-.40 
1.07 

-.38 

1.38 UWUINF 
~ 3 9  VB/UINF 

"38  WM/UINF 

- 2 9  

UB/UINF 1.35 

CPT 

.39 VB/UINF 
" 4 1  Wb/UINF 
"69 CP 
-47 CPT 

1.35 UB/UINF 
- 3 1  VB/UINF 

"51  WB/UINF 

- 3 4  CPT 

-.93 CP 

-.A6 CP 

l . E R 8 ~ B / ~ I ~ ~  

-.61  WB/UINF 
.13'VM/UINF 

- 1 8  CPT 
-.A7 CP 

1 .?I 'UBIUINF 

"62  WB/UINF 
- 0 1  Vtl /UINF 

- . A 6  CP 
- 0 0  CPT 

"18  VB/UINF 
1.21 UB/UINF 

-.57 WB/UINF 
-.a1 CP 

- 0 1  CPT 

1 - 0 1  UB/UINk 
"33  VB/UINF 
-.57 W / U I N F  

TABLE C3.- Continued 

( c )  R = 6 .  



X/D 14.00 F( = 6.03 U I N F  = 42.6 M/SEC 
Z / D  = 13.50 P H I  = 15.0 DEG 

X/D  14.07 R = 6.04 U I N F  = 42.5 WSEC 
Z / D  = 11.50 P H I  = 15.0 DEG 

1.5 

1.0 

.5 

0.0 

-.5 

.~.n 

.la5 

- 

"50 "01  .4Y  .99  1.49  1.94 

-.lo 
.89 

-. 19 .10 

-.39 

.94 
-.09 
.17 

"32 
-.39 

-.06 
.93 

"41 
.30 

-.45 

1.01 
-.03 . 77 
-.SO 
-.64 

.93 

.07 

-.24 
-40 

-.?1 

1.03 
07 

- 2 4  
-.37 
-.23 

.9R 

. O B  

-.25 
.31 

-.lY 

-.02 
1.03 

-.39 
.14 

"31 

.94 
-.02 
.27 

-.33 
-.37 

-no3 
.97 

-.38 
.29 

"36 

1.00 
-.02 

a 3 2  
"40 
" 3 0  

.Y4  

-.3R 
.28 

-.42 

.9h 
e03 
.30 

-.3R 
"36 

.95 

.03 

- . 3 3  
.2R 

-.35 

.n2 

.99 

.04 

-.34 
.13 

"35 

1.02 
.05 
- 1 4  

- . 4 3  
-.35 

-.01 
.YO 

-.27 
.33 

-.35 

.'i7 
- .Ob  
.31 

-.40 
-.35 

-.03 
1.01 

-.38 
.37 

-.22 

.Y9 
- . D O  
.31 

-.44 
-.35 

-.oh 
.Y5 

-.32 
. Z R  

- . 3 3  

1.07 
.12 

-.44 
.09 

-.27 

.96 

.lh 

.12 
-.40 
- . 4 3  

.97 

-.41 
.19 

- . 4 3  

1.11 
. 0 5  
.?3 

-.49 
-.?n 

-.n1 
1.nn 

.07 

-.43 
.23 

-.20 

1.03 
-.lo 

.24 
-.31 
-.1R 

. Yh 
-.lb 
.2h 

-.lh 

-.OR 

1.11 
.19 

- .Ob  
-.45 
-.le 

1.04 
.17 
.ll 

- . 4 0  
-.?7 

1.01 
.lh 

-.39 
.OH 

-.37 

.95 . oc 

.I5 
-.34 
-.4n 

.n2 
1.11 

"51 
.l l  

- .7h  

1.14 
-.03 

. I 3  
"41 
- . O P  

- . O R  
1.09 

.14 

-.lo 
-.32 

1.08 
.2? 

- . 0 7  
- . 3 8  
"16 

1.04 

-.05 
.?l 

-..is 
- .22 

. Y 9  

.lb 
-.06 
-.39 
-.38 

1.13 

-.67 
.05 

-.1B 

1.09 
.04 

-.01 
-.47 
-.27 

1 .O? 
-.07 
- . O A  
"26 
-.?l 

-.09 
1.12 

-.04 
-.33 
-.Ob 

.n9 

U * / U I N F  

U u / U l h F  
V a I U l h F  

CP 
CPT 

Ut+/UlNF 
V v / U I h F  
Wti/UlNF 

CP 
CPT 

Utl /UIhF 
VH/UlhF 
U U / U I h F  

CP 
CP T 

UH/UINF 
V a / U l h F  
wu/UIhF 

CP 
CPT 

U a / U I N F  
V b / U l h F  
Ub/UINF 

CP 
CPT 

U n / U I N F  
Vl j /UINF 
Ub/UINF 

CP 
CPT 

U I / U l N F  
V u / U I h F  
U n / U I N F  

CP 
CP T 

TABLE C3.- 

1.5 

1.0 

.5 

0.0 

-.5 

-1.0 

-1.5 

- 

-.49 -01 -52 1.03  1.55  2.01 

1.02 
- . O b  
"15 

.n6 

-.OS 
1.08 

-.lo 

.12 

1.08 
"06 
- . O R  
- . I 2  
.Ob 

1.07 
-.Oh 
-.06 
"15 

-.n2 

-.os 

. n2 
- . O A  
.YQ 

- . 0 3  
- . 7 0  
-.?O 

.96 
-.1? 

"23 
-.29 

- . O B  
.97 

- . 2 R  
.10 

"41 

-.n1 

-.01 
1.07 

-.15 
-.Oh 
.10 

1 .Ob 

-.Ob 
.01 

-.Ob 
.07 

-. 02 1.07 

-.07 
-.15 
.02 

1-06 
"03 
-.Ob 
-e15 
"03 

-.03 
1.02 

-.01 
-.20 
"16 

1.05 
. o o  

-.Zh 
-.lh 

"06 
. R5 

"19 
.13 

-. 44 

. n4 

1.03 
- 0 3  -. 14 -. 02 
.06 

1.13 

-.09 
.03 

-.12 
.16 

1.15 
- 0 6  

- . O R  
"17 
.lb 

1.0h 

-.06 
.Ob 

-.13 
-.no 

.97 

.02 
-.01 
-.20 
-.25 

.97 

.03 

. O R  
-.2H 
- . 3 3  

.97 

.06 

"26 
.18 

"29 

. 9 Y  
-07 

"16 
-.01 

.no 

1.06 
.lo 

- . O R  
- . O R  
.07 

1.05 
.07 

"09 
03 

1.01 

-.07 
.OH 

-.09 
-.Oh 

-.n7 

1.02 
.lo 

-.02 
"19 
"13 

.95 

.12 

.Oh 
-.23 
-.30 

1.07 
.11 

-.37 
.06 

"21 

.9u 

-. 19 .17 

.Ol 
-.n7 

1 .05 

"13 
.ll 

-.07 . n7 
1.12 

. 13  
-.07 

.17 

1.OR 
.12 

"19 

-.In 

-.n7 

. n l  

1.05 

-.Oh -. 17 
. 1.5 

-.n5 

1.07 

-.06 
.13 

-.?1 
"16  

.99 

.18 

.01 

-.?9 
-.3n 

1.02 
.13 

-.18 
-.OS 
.04 

1.01 

-.15 
.13 

"05 
.01 

1.04 
-16 

-.12 
-.09 

0 4  

1.03 

-.11 
.19 

-.12 
-.02 

.99 

.19 
- .OR 
"15 
-.12 

1.07 

-.11 
.2E 

-.26 
-.06 

1.03 . ?2 
-.lo 
"24 
-.11 

Continued 

UM/U I NF 

U b / U I N F  
V d / U I h F  

CP 
CPT 

UM/UINF 
VB/UINF 
UH/UINF 

CP 
CPT 

U d / U I N F  
Vd/UINF 
UU/UINF 

CP 
CPT 

Ud/UINF- 
VU/UINF 
Utl /UINF 

CP 
CPT 

UtI /UINF 
V U / U l h F  
Ud/U1NF 

CP 
CPT 

UU/UINF 
Vt'/UINF 
U d / U I N F  

CP 
CPT 

U d / U l N F  
VH/UIhF 
MH/UlNF 

CP 
CPT 

( c )  R = 6. Continued. 



X/D = 35.00 
Z / D  13.00 

R = 6.  0-1 IJINF = 41.4 M/SEC 
P H I  = 9.5 D E t i  - 

- 
1.5 

1.0 

.5 1. 

0.0 

-.5 

-1 .o 

.1.5 

-.50 0.00 .so 1.00  1.49  1.99  2.49 

"03 
.97 

-.06 
-.01 
" 0 7  

1.03 
-.05 
"03 
- . 07  
-.01 

-.03 
-.04 -. 04 
"03 

.95 
-.05 

. o o  
-.04 
"13 

-.01 
.99 

"13 
.03 

"14 

-92 
-.05 
.06 

-.04 
-.18 

"05 
.96 

- .07  
.01 

1.00 

- .oo  
.9R 

-.08 
"05 
-.OB 

1 . o o  
-.oo 
-.03 
-.06 
-.06 

-.02 
1.01 

-.03 
-.09 
- . 07  

1.00 
-.02 
.02 

"09 
-.08 

-96 
.oo 

"09 
.03 

"15 

.99 
-.02 
-03 

-.11 
-.11 

1.01 
.oo 

-.12 
- 0 7  

1.02 
.01 

-.09 
-.OB 
"03 

.99 

-.03 
-.01 

-.08 
-.lo 

.98 

.02 

-.09 
.01 

-.12 

1.00 

-.01 
.01 

-.09 
"09 

-.01 
1.03 

-.13 
.03 

- . 0 7  

.98 

.oo 

.06 
-.12 -. 15 
.97 
. 0 2  

-.11 
.13 

.01 

.98 

-.08 
"04 
-.06 

1.02 

"03 
. 0 3  

-.11 
-.Ob 

1.03 
.04 

-.14 
-.07 

1.00 . O? 
.03 

-.12 
-.lo 

1.00 
.02 

-.12 
. 0 7  

-.12 

.9R 
-04 
.OR 

-.09 
-.11 

-.O2 
1.04 

"15 
.04 

. n2 

.06 

.9R 

- . O R  
-.03 
-.06 

1.04 

-SO4 
.04 

-.lo 
" 0 7  

1.04 
.05 

- . 0 3  
-.13 
-.04 

.95 

-.Oh 
-06 

-.02 
-.IO 

.96 

-.05 
.03 

-.12 

1.06 
.01 

-.26 
- . I 3  

.98 

.01 

- . O R  
.oo 

.05 

.04 

1.03 
.07 

-.09 
-.11 
-.03 

.98 

.06 
-.08 
-.05 
- . 0 7  

.97 

.06 
-.06 
"04 
-.09 

1 . o o  
. 0 7  
. o o  

-.11 
-.n9 

1.00 
.05 

-.09 
.n1 

-.ne 

1 .06 
.08 
.05 

"19 
-.06 

1.03 
n o 3  

-.09 
.03 

.99 

.09 
IIHIUINF 

WR/UINF - . I 3  
V H / U I N F  

-.05 
CPT - . 0 3  
CP 

1.00 IIH/UINF 
,113 VH/UINF 

- .OH Wh/UINF 
-.06 CP 
-.04 CPT 

1.01 
.I2 

'UB/UINF 

Wb/UINF -.04 
Vb/lIINF 

- . O B  CP 
-.03 CPT 

1.00 .UH/UINF 
.09 VH/UINF 

-.O?'WH/UINF 
-.05 CP 
-.02 CPT 

1.08 UR/UIYF 
.06 VR/UINF 

-.03 MJR/UINF 
-.13 CP 
.Ob CPT 

e99 UR/UINF 

"06 WH/UINF 
-06 VH/UINF 

-.04 CP 
"06 CPT 

1-03 IIH/UINF 
.04 V R / U I N F  

-.lo CP 
- 0 3  WH/UINF 

-.14 -.IO -.15 -.n7 -.11 -.Oh -.04 CPT 
i 

TABLE  C3.- 

(C) R = 6. Continued.  (These  two 

X / D  = 35.00 
Z / D  = 13.00 

R = 6.05 I J I N F  = 41.6 M/SEC 
PHI = 9.3 UEG 

- 
1.5 

1.0 

.5 

0.0 

-.5 

.1 .o 

-1.5 

"05 
.99 

-.O4 
-.15 
"17 

.96 
-.03 
.02 

-.1P 
"26 

.94 

- .oo  

-.71 
-.lo 

1.02 
-.02 
.02 

-.25 
-.21 

-. 04 .97 

-.19 
.o') 

-.24 

.97 

-06 
-.18 
-.22 

- . 0 2  
.9H 

-. 15 * 10 

-.17 

-.n4 

-.no 

-.02 
1.01 

-.02 
- . l h  
-.14 

1.00 

.01 
-.15 
-.14 

-.n3 

-.01 

-.20 
.01 

-.1R 

. Q R  
-.07 . ilf. 
-.18 
-.21 

-.oo 
.9Y 

-.18 
.05 

-.20 

.99 -. 02 

.Oh 
-.PO 
-.20 

.YY 

.01 

. 0 5  
-.17 
-.19 

1.01 

1.01 
.01 

- . 0 4  
-.lo 
-.OH 

.91 

.01 . O? 
-.04 
"71 

1.02 
-03 

-.02 -. 18 
-.13 

. Y 5  

-.01 
.01 

-.14 
"27 

1.n2 

.n7 

. o o  

-.I4 
-.09 

.99 

.01 

.10 
-.17 
-a17 

-.01 
.Ye 

-.lb 
.14 

-.19 

1.03 

-.Oh 
"17 
-.lo 

.Y5 

. o o  

.n5 

. n? 
-.n7 
-.17 

1 .n? 
.03 

-e17 
.01 

-. 12 
1.00 

. 0 3  

. a %  
-.14 
-.I? 

. Y4 . O? 
-.09 
.Ob 

-.lU 

1.06 
.03 
.Oh 

-.22 -. 09 
.93 

- . l o  
. 0 3  

-.?3 

. n o  

1.01 
.07 

-.03 
-.16 
-.13 

1.00 
.07 
. o o  

-.13 
- . I 3  

.93 

.08 

-.I7 
.Oh 

-.25 

l.O? 

.03 

-.13 
-.17 

. nh 

1 .on 
.Oh 

-. l? .07 

-.lo 

1.05 . n4 . n* 
-.?? 
-.11 

1 . on  . n4 
-.lh 

.03 

"16  

1.07 . O Q  
-.06 
-.21 
- .05 

1.02 

.O? 
-.15 
-.11 

I .n4 

. nh 

.07 
- .03 
-.l6 
- . O A  

1.00 

. 0 3  
-.l? 
-.13 

.9Y 

-.lQ 
.01 

-.19 

1.02 
.03 
.O1 

"14 
-.05 

.9', 

. 0 3  

-.lb 
.0l 

- . l e  

.n4 

.n7 

1.04 
.09 

UE/UlNF 

Wd/UlNF "08 
Vtl/UlNF 

-.19 CP 
-.09 CPT 

. Y 7  

CPT -. 1 1  
CP -.07 

VE/IllNF .09 
WH/UINF  "02 

UH/UINF 

1.07  UH/UIIUF 
.OY Vt)/llINF 

- . 0 4  WH/UlNF 
-.20 CP 
-.1S CPT 

1.01  Ub/IJINF 
. O R  VB/UINF 
. O O  Wb/UINF 

-.l8 CP 
-.14 CPT 

.97  IIB/UINf 

.09 VB/UINf 
-.01  WB/LIINf 
-.l6 CP 
-.20 CPT 

1.07 UB/UINf 
. 0 7  VB/UIIUF 
.00 Wd/UINF 

-.23 CP 
- .n t  CPT 

1.02  Utl/UINF 
-03 VB/UINF 

- . O b  Wtl/UIIUF 
-.1y CP 
"15 CPT 

Continued 

tables  are f o r  same  cross  section. 



X/D = 45.00 I? = 6.05 U I N F  = 42.2 M/SEC 
Z / D  14.75 PHI = R . l  DEG 

y-1.00 -.So - .oo  ,so 1.no 

1.5 

1.0 

.5 

0.0 

-.5 

.1 .o 

,1.5 

- 

-.03 
1.01 

-.07 -. 15 
- . 12  

.95 
-.07 
- . 0 1  
-.06 
"15 

-.04 
.99 

-.04 
- .11  
-.I2 

-96 
-.06 -. 02 
-.13' 
"19 

"07 
.94 

-.12 
.02 

-.2? 

.94 
-.OS 
.oo 

"14 
" 2 5  

-.04 
.94 

"14 
.03 

-e26 

-.Ob 
.96 

"05 
- . 0 7  
-.15 

.91 
- . 0 4  

.01 -. 04 
-.20 

-. O'? 
.98 

-.02 
-.14 
-.18 

.97 
-.03 
- a 0 3  
-.11 
-.20 

-.04 
.9R 

- .oo 
-.18 
-.22 

.98 -. 04 
-.01 
-.17 
-.?? 

-. 04 - 9 6  

- . I 3  
.Ob 

"19 

-.01 
1.00 

- . O b  

-.lo 
-.11 

.96 
- . 0 1  

. 01  
-.Ob 
-.13 

- . O ?  
.9P 

-. 13 .oo 
"16 

.9R 
-.03 
.oo 

- . I 2  
"15 

-.02 
.97 

-.'I 2 
.04 

-.1R 

.9R 
-.01 

.02 -. 1P 
-.22 

-.02 
.94 

- . I 2  
.03 

-.E2 

1.01 

-. 05 .oo 

-.I2 
-.09 

.94 

.01 

.02 

-.04 
-.15 

1.00 
.n1 

" 0 9  
-.04 

-.08 

. 9R  
-.oo 
-.O2 
- . I1  
-.15 

1 . o o  

-.01 
"13 
-.13 

.99 

.01. 

.05 
-.15 
-.lh 

-.n1 

-.on 
l . n l  

-.I1 
.04 

-99 UB/UIhF 

"00 YB/UINF 
- 0 2  VB/UIhF 

- . O P  CP 
-.09 , CPT 

1.01 UB/UINF 

-.01 YB/UINF 
.01 VB/UINF 

- , l K  CP 
"13 CPT 

1.01 UB/UINF 
.02 VB/UIkF 
.02 WB/UINF 

-.1? CP 
-.IO CPT 

.97 UB/UINF 
. O o  Vb/UINF 
.01 Wb/UINF 

-.IS 
-.09 CP 

CPT 

-.01 
. o o  

UB/UINF .9P 
Vb/UIhF 
YB/UINF 

PINF = .102E*Ob N/M**2 
0 = .llOE+04 N/M+42 

TABLE C3.-  Continued 

( c )  R = 6. Concluded. 



X I 0  = 2.00 
Z/O = 5.00 

H = 8.06 UINF = 38.4 H/SEC 
P H I  = 45.0 OEG 

- 
1.5 

1.0 

.5 

0.0 

-.5 

-1.0 

-1.5 

TABLE C3.- Continued 

(d) R = 8. 



X / D  = 
z / o  = - 

1.5 

1 .o 

.5 

0.0 

-.5 

-1.0 

-1.5 

- 

2.03 
6.75 

R = 8.04 UINF = 38.5 M/SEC 
PHI = 45.0 DEG 

.01 -51 .75  1.00  1.25  1.49  1.75  2.00  2.50 

1.69 
04 

- 1 s  15 
.45 

.94 

2.Rb 
-07 
s 76 

-2 .36 
5.66 

2.63 

-2.81 
61 

3 . 6 4  

1 .E9 
-.lo . b 5  

-1.98 
-.ab 

-.21 
.99 

-2.06 
1.09 

-. R4 

-.no 

-96 
-.08 
1-38 

-2.28 
“ 4 2  

.99 

.03 

-2.16 
1.29 

1.39 
.43 
.35 

-.91 
.34 

2.44 
.44 
.70 

-2.09 
3.67 

2.61 
.39 

-2.56 
.68 

4.04 

1.72 
.45 
.45 

-2.58 
- . 7 0  

1.29 
-40 

-7.34 
1.00 

-.48 

1.3R 
-.21 
1.17 

-2.74 
-.39 

1.37 
- . 4 3  

-7.74 
1.09 

.Y5 

.59 
-06 

-.54 
-.27 

1.95 
.61 
.63 

-1.54 
2.11 

2.MO 
.64 

-2.69 
.52 

5.11 

7.19 
.60 
.33 

-3.05 
1.31 

1.49 
.54 

-2.97 
.41 

-1.27 

1.82 
.07 
.55 

-3.39 
“72 

1.94 
“31 

-3.16 
.69 

.78 

-.E3 
-68 

“ 2 5  
-.12 

1.7~ 

-1.90 

.76 

.12 

-90 

2.63 
.6R 

-2.83 
.36 

3.86 

2.43 
.73 
.29 

-3.15 
2.53 

2.11 
.65 

-3.56 
.39 

2.12 

-.01 
-26 

-3.75 
-.11 

-. 12 2.26 

-3.58 
. I 6  

.n7 

.49 

-.35 
.66 

-.Ob 
-14 

1.22 
.65 

-1.11 
-.24 

-.12 

7.08 
.77 

-2.37 
.22 

1.70 

2.55 . R2 
.10 

-3.19 
3.16 

2.42 
.74 

-3 .24 
”71 

2.36 

2.76 

-.33 
.34 

-3.R6 
.56 

2.4P 
.01 

-3.77 
-.24 

.55 

.55 
-.bo 
.12 
.08 

.79 

- . 3 4  
“64 
-.25 

1.79 

-.07 
.71 

-2.32 
. 4 3  

7.13 
.93 

-.03 
-2.64 

.e 1 

1 .n4 

2 .34  
.71 

-3.15 
“ 2 6  

2 .04  

2.33 

-.53 
.58 

-3.72 
1.93 

2.35 
.17 

-3.57 
-.60 

.44 

.55 
-.bl 
.46 
.41 

-67 
.64 

“62 
-.44 
-.20 

1.37 

“42 
.74 

-2.00 
-.3b 

1.67 
.88 

- . 3 2  
-2.32 

.36 

2.16 
.77 

-7.98 
- . 4 3  

1.55 

2.20 

-.6b 
.54 

-3.31 
1.35 

1.98 
.13 

-3.14 
-.83 

.57 

.47 

.15 

.16 

.66 

.57 
-.75 
-.17 
-15 

.8* 

-.b1 
.79 

-1.01 
-.30 

1.55 
.71 

-.59 
-2.60 
-.30 

1.72 
.71 

-2.58 
-.68 

.39 

1.84 

-.a5 
.40 

-3.21 
.13 

1 . R 3  
-04 

- 3 . 4 0  
-.92 

-.b8 

.54 UB/UINF 

.3R VB/UIkF 
-.73 WB/UINF 
.17 c p  
.15 CPT 

.61 UB/UINF 

-.76 WE/UINF 
.46 VB/UINf 

-.Ob CP 
. 1 0  CPT 

.65 UB/UlNf 

. & 3  VB/UIFIF 
-.92 WH/UINF 
-.46 CP 

- 0 1  CPT 

-73 UB/UINF 
.61 VR/UINF 

-e96 WB/UINf 
-.E1 CP 
-04 CPT 

1.08 

- a 8 8  

UB/UINF 

CPT -.76 

VB/UINF -52 
WB/UINf 

-2.01 CP 

-97 

-1.13 

UR/UINF 

CP -2.01 

VH/UINF e 3 3  
wB/UINF 

“67 

VB/UINF “05 

CPT 

WB/UINf -1.27 

UB/UINF 1.02 

“49 “ 4 3  .23 -66 1.55 1-50  -54 “15 I 

TABLE C3.-  Continued 

(d) R = 8. Continued. 



X/D 3.69 
Z / D  = 9.41 

I? 8.03 UINF = 3A.R H/SEC 
PHI = L1.Y D E G  I_ 

0 .0  

I 
I -95 

.j 

-1.0 

-1.5 

I 

-.07 
-66 

"71 
.ll 
.06 

-71 
-.09 
-.70 
-.03 
-.03 

-.I1 
.75 

-.73 
-.11 
.01 

.74 
-.12 
-.76 
-.11 
.04 

-71 

-.79 
-.11 

-.15 
-.02 

.69 
-.lo 
-.81 
"19 
-.03 

-. 00 
-69 

-.a7 
"17 
.07 

-.2* 
-65 

-.61 
.22 
.08 

.57 
-a41 
-.69 

26 
-24 

-.40 
-66 

-.72 
"07 

.os 

.83 
-.45 
"63 
-.47 
-a17 

1.08 
-e46 
-.75 

-07 

1.09 
"46 
"86 

-1.02 
.12 

1.09 
"41 

-1.10 
-.98 

-24 

-.n9 

"34 -.2b 
.82 .7R 

-.31 -.1R 
.06 .08 

"06 -.22 

1.25 1.52 
-.39 -.1A 
"16 "01 
- . 4 n  -.bo 
.27 .7h 

-.45 -.I6 
1.52 1.91 

-.12 .02 
"67 -1.14 
.89 1.57 

- . 3 8  -.15 
1.82 1.84 

-.11 .02 
-1.08 -1.30 
1-43 1.14 

-.48 -.E8 
1.56 1.33 

-1.16 -1.10 
"15 e12 

.54 -.24 

"42 "34 
1.47 1.26 

-.08 .26 
-1.47 -1.24 
-.11 -.45 

1.47 1.29 
-.40 -.18 

-1.77 -1.63 
"09 .40 

-.42 -.76 

-.oo 
- . l o  
-.14 
-.02 

-.06 
1.63 

"61 
. Q8 

1 .OP 

"05 
1 .95 

-1.04 
.10 

1.04 

-.05 
1.78 

.05 
-1.09 
1.12 

1.16 
"05 
.22 

"91 
-.51 

1.11 
-.05 
.54 

-1.08 
-.55 

1 .?h 
-.09 

-1.45 
.71 

-.28 

1.05 .93 
.13 

"15 
-.01 
-.11 

1.40 
.22 

"60  
.10 

.44 

1.95 
.24 
.07 

-1.05 
1 .R8 

1.71 
.26 
.ll 

-1.05 
.97 

1.31 
.35 
.22 

-.94 
-.05 

1.17 
.34 
.46 

-1.17 
-.45 

1 .?6 
.17 

-1.49 
63 

-.47 

.89 

.26 
-.16 
.01 

-.lo 

1.23 

-.50 
.01 

.20 

1.94 

- . 0 1  
.39 

-1.03 
1.92 

1.88 
.47 

-.02 
-1.24 
1.55 

1.38 
-56 

-1.18 
-.07 

. 0 7  

1.35 

-. 05 .57 

-1.52 
-.36 

.41 

1.50 
.35 

-1.90 
.08 

"51 

.e4 

.31 
- . 3 6  
.05 

-.n1 

1.1H 

-.13 
.41 

-.56 
.03 

1.48 

-.I1 
.55 

-.P7 
-65 

1.73 
.5e 

"13 
-1.18 
1.20 

1.74 
.57 

-1.37 
-.28 

1.08 

1.70 

-.34 
.54 

-1.79 
.55 

1.45 
-48 

-1.46 
-.4A 

.75 

.33 
-.39 
-06 

-.12 

.77 

"40 
.4? 

-.14 
-.21 

1.27 

-.35 
-50 

"71 
.27 

1.50 
~ 7 0  

"31 
-1.05 

.82 

1.68 
-62 

-1.29 
"40 

1.11 

1.75 

"61 
.63 

-1.66 
1-23 

1 .h4 
.55 

-1.61 
-.62 

.57 

.37 
"52 

. 3 0  
03 

-78 

-.54 
.38 

"06 
-.02 

.8b 

.58 
-.47 
- . 3 3  
-.02 

1.14 
-64 

-.55 
"61 
.4 1 

1.24 
.54 

-1.05 
-.be 

-26  

1.46 

-. 74 -60 

-1.37 
.68 

1.47 
.38 

-1.72 
-.79 

.bl 

.30 
"58 
.25 
-05 

.64 

-. 69 .32 

.1z 

.ll 

.67 

.3Y 
-.66 
-.08 -. 04 

.87 

-.70 
.4b 

- .44 
.02 

.41 

.98 

-.78 
-.go -. 15 

. Y 8  

-.91 
-46 

-.M2 
.19 

1 .05 
.33 

-1.01 
- 1 . 1 ~  

.63 
-27 

"62 
.23 
.OH 

. b9 
-. 67 .2H 

.om 

.OY 

-71 
-31 

-.68 
"15 
-.lo 

.73 

-.74 
.33 

-,34 
-.13 

.73 

.38 
-.e1 
-.44 
-.lo 

- 7 5  

,-.94 
.17 

"71 
-.22 

.84 

.12 
-1.00 
"96 
- . 2 3  

- 7 0  UB/UINF 
-16 Vh/UINF 

"76 Wb/UIErF 
-.OY CtJ 

. o o  CPT 

.71 Uh/UINF 

"79 WB/UINF 
1 1  VH/UINF 

-.17 CP 
-.02 CPT 

- 6 5  UH/UINF 
S O Y  Vt)/UlNF 

- . b 6  YB/UINF 
-.11 CP 
.07 CPT 

-70 UB/UINF 
"01 Vb/UlNF 
"87 UB/UINF 
-.29 CP 
-.Ob CPT a13 a 8 0  .23  .07 
L 

TABLE C3.-  Continued 

( d )  R = 8. Continued. 



X/D = 5.63 
Z / D  = 7.13 

R = 8.03 UINF = 38.7 L(/SEC 
P H I  = 41.9 DEG 

1.5 

1.0 

.5 

0.0 

- . 5  

-1 .o 

. l .S 

- 

- 6 0  
e 0 3  -. 87 
.08 
.21 

.68 
-04 

-.E6 
-.13 
.08 

.67 

-.8B 
.OB 

-.14 
. O @  

169 

"86 
- 1 3  

-.le 
06 

.74 . I6  
-.82 
-.23 

. 0 2  

70 . 22 

-.12 
-.a2 

.08 

- 7 6  
.20 

-.79 
-.17 

.OB 

-e31  
1.28 

-1.15 
-.85 

.33 

1.46 
-.22 
-.a4 

-1.81 
. l l  

-.06 
1.32 

-1.64 
- .95 

.01 

1.28 
.30 

-.BO 
-1.62 

"27 

.98  

.37 

-1.02 
-.94 

- . O ?  

1.07 
.47 

- .66  
-1 -05 

-.22 

.88 

.53 
"67 
-.48 
.04 

-.30 
1.38 

-1.49 
.14 

-.47 

1.58 
-.09 

.Ob 
-1.72 

-.20 

-.02 
1.71 

-2.00 
. 1 0  

-.OS 

1.46 
.29 
.13 

- I  .75  
-.4Y 

1.34 
.SO 

-1.26 
.09 

- . 70  

1.16 
.54 
. 0 6  

- .68  
- .03  

1.02 
.42 

"05 
-.22 
-.01 

-.14 
1.37 

-1.65 
. 43  

-.54 

1.17 
.05 
- 6 3  

-1.55 -. 78 

1.57 
.I2 

-1.97 
.54 

- .I8 

1 . Z b  
. 20  
- 6 7  

-1.20 
- . I 2  

1.10 
- 2 6  

- . 6 6  
.44 

-.28 

1 .O4 
.?4 
.26 

-.35 
"13 

1.04 
.23  

-.18 
.IO 

"03 

-.07 
1.13 

-1.71 
- 6 9  

-.45 

1.22 
.o* 
.83  

-1 - 6 4  
-.45 

1.14 

. A4 

.01 

-1.43 
- .43 

1.07 
. l l  
. e 1  

-1.10 
- . I @  

-.01 
1.13  

7.R9 
. E l  

"29 

.93 
- 0 6  
.37 

- .35 
-.34 

. 9 0  

. I 1  

.07 

-.20 
".37 

1.25 
- 1 3  

-1.43 
.h7 

-.39 

1.27 
"03 

.77 
-1.68 
-.45 

"25 
1.32 

-1.72 
- 7 2  

-.38 

"27 
1.10 

.75 
-1.03 -. 19 

" 2 6  
1.07 

-.7B 
. 5 0  

"31 

1.07 

.29 
-.38 
- . l o  

- . l a  
.92 

-.14 
.04 

-.?5 

- .23 

1.34 
.24 

-1.76 
.24 

-.87 

1.63 
.08 
.39 

-2.09 
-.26 

-.21 
1.56 

-1.96 
. 3 8  

"32 

1.42 -. 34 
.32 

-1.68 
-.44 

1 .24  
-.46 

-1.05 
- 3 1  

"19 

1.09 
-.44 

. I 6  
- . 4 b  
"03 

.9b 
- .35 
- . 0 1  
-.07 
-.02 

1.58 

-.25 
-1.69 
"13 

1.74 . 1 6  

-2.10 
-.20 

.03  

-.I2 
1.83 

-2 .04  
-.11 

.3s 

1.60 

"13 
-2.01 

-.32 

1.32 
-.49 

-1.35 
- . I4  

-.32 

1.17 
-.54 

-.77 
- .13 

- .OH 

- .53 
1.01 

-.22 
-.23 

. I 1  

.40 

-.Zn 

1.66 
.4Y 

" 5 6  
-1.6R 

nb8 

1.73 
.28 

-1.97 
-.5d 

.49 

1.78 

" 6 5  
-07 

-2.OR 
- 5 6  

1.62 
-.?5 
-.55 

-1.91 
.13  

1.32 
-.45 

-1.59 
-.54 

-.33 

1.10 
-.64 

-.77 
-.46 

.Ob 

-.59 
.99 

"42 
-.35 

.15 

1 .63  
.50 

"77 
-1.61 

.93 

1.63 
.28 

-1 .82 
-.b2 

- 6 4  

1.56 

- . b 5  
.05 

-1.88 
.37 

1.36 
"23 
- . b 3  

-1.75 
"13 

1.17 
-.44 

-1 -38 
-.81 

-.13 

1.01 
-.57 

-.ti3 
"62 

- . l o  

" 5 6  
.84 

-. 63 
- . 1 8  

.25 

1.18 

-.88 
-1.18 

.18 

1.27 
.E8 

-1.57 
-.97 

- 0 7  

.42 

1.24 

-.Y9 
.07 

-1.60 
-.04 

1.09 
-.28 
-.96 

-1.35 -. 1 4  

.y7 
-.42 

-1.09 
-.B9 

"17 

.93 
- . 4 6  

-.e7 
-, 7 5  

-.E2 

"50 
. 8 3  

-. 7 5  
-.29 

. 23  

.82 

-.97 
.32 

-. 78 
-.Ob 

.d9 

-1 - 0 6  
.15 

-.94 
-.oo 

.89 
-.Ob 

-1 e 0 6  
-1.07 

"13 

.tlb 
-.22 
-.9& 
-.9Y 
-.23 

-.45 
.80 

-.63 
- . Y 4  

. l l  

.82 
"41 

-.56 
-.81 

-.05 

-.4r 
.77 

-. 18 
"76 

.22 

TABLE C3.- Continued 

( d l  R = 8. Continued. 



-L 

N 
N 

X / O  7.60 
z / o  = 4.81 

U = R.04 UINF = 3A.8 H / S E C  
PHI = 42.0 DEG - 

- 
1.5 

1.0 

.5 

0.0 

-.5 

-1.0 

-1.5 

- 

5.03 -2.51  -1.01 -.50 0.00 .50 1.01  1.51  2.01  7.52  3.02  3.53  5.04 

.61 
26 -. 7A 

-.03 
io2 

-70 

"76 
-25 

-.15 
-SO3 

.7H 

.22 - 70 - :2 1 
-.Ob 

.78 

-.67 
-24 

-.23 
-.11 

-76 
.21 

- . b e  
-.17 
- . O Y  

.73 

-.6A 
.21 

-.11 
-.Oh 

.72 

.17 
-.70 
-.06 
-.02 

.80 
52 -. 69 

-.3h 
.04 

-79 
-51 

-.bo 
-.?? 

. 0 3  

.77 

.43 
-.58 
-a13 
-.02 

.82 

-.53 
.40 

-.11 
.oo 

.75 
- 3 0  

-.55 
-.04 
"09 

.77 

- .55 .26 

-.05 
-.OR 

.78 

.20 
-.57 
"06 
- . O R  

1 .oo 
.47 

-.34 
-.lo 

.39 

.91 

-.21 
-.Ob - .04 
.90 
.32 

-.29 
- .oo  
- .oo 

.84 

" 3 6  
.26 

-.ON 
.02 

.7Y 

.19 
-.43 
.04 

-.12 

.81 

"46 
.15 

-. O Y  
.02 

.81 

.14 
-.48 
-.05 
-.lh 

-,n2 

.95 

.30 

-.15 
.ou 

-.16 

.93 

-,lh 
.24 

-.OS - ,ocI 

.87 

.1P 
-.20 
-.07 
-.24 

.7R 

-.32 
- .Ob 
-.33 

82 
.10 

-.34 

-e27 

.82 

- a 4 1  
.12 

-.OS 
-.19 

*e0 
,07 

-.45 
-013 
-,28 

.14 

-.OH 

.P3 

.09 

-.1P 
.15 

-.47 

.P4 

-.02 
.ll 

-.16 
-.44 

.89 

-. 19 
-.11 
-.?8 

.Pb 

-.?5 
.Ob 

-.lo 
"30 

.81 

.08 
-.36 
-.02 
-.22 

.77 

"40 
.OS 

-.OF 

.n6 

-.29 

.74 

.03 
- . L 6  
-.04 
-.27 

-.13 
.80 

-07 
-.a4 
-.3R 

.R7 
-.lo 
-.08 
-.05 
-.27 

-.a7 
.R5 

-.16 
- . 0 8  
-.33 

. R3 -. 0 4  
-.29 
-.01 
-.23 

-.04 
-.32 
-.04 
-.29 

.77 

-.01 
-.40 

-.26 

-.03 
.77 

-.45 
-.01 
-.22 

.RO 

-.n3 

-.31 
.96 

-.dl 
-.07 
- . 0 5  

.93 
-.24 
"17 

-.oo 
. 0 3  

-.20 
.e8 

-.26 
,08 

-.03 

.87 
-.15 
-.34 

"03 
.07 

-.13 
.a2 

-.39 
.Ob 

-.lo 

.R1 
-.OB 
-.43 

-. 12 .02 

-. 07 .BO 

-.47 
-.01 
-.15 

- . o b  
.98 

-.17 
-.18 
.02 

.90 
-.38 
-.26 
.02 
.05 

-.29 
.88 

-.33 
.07 
.04 

. b5 
-.21 
-.39 
.ll 
.03 

-.18 
.R4 

-.44 
.08 
.01 

.81 
"13 
-.4b 

-.01 
.09 

-.11 
.79 

-.52 
.05 

-.03 

-.53 
-90 

"41 
-.25 
.01 

-90 
-.47 
-.39 
-.lo 
.09 

-.36 
.87 

-.42 
-.01 
-06 

.R5 
"27 
"46 

.08 

. 0 7  

"23 
.81 

-.49 
.09 
05 

.R3 
-.18 
-.SO 

04 
.01 

-.16 
.81 

-.53 
.03 

-.01 

- .52 
.82 

"61 
-e23 
.10 

.R3 

-.54 
-.47 

-e14 
.07 

-.37 
.85 

"51 
"07 

.Ob 

.83 
-.31 
-.50 

.oo 

.05 

"27 
.79 

-.55 
-06 
.Ob 

.bl 
-.19 
-.54 

.01 

.01 

"19 
.76 

-.57 
.04 
. 0 1  

-.49 
.75 

- .75 
-.12 
.23 

.81 
"41 
-.64 
-.24 

.oo 

-.36 
.83 

-.bo -. 14 
.04 

.85 
-.32 
-.56 -. 09 
-04 

-.26 
.81 

-.57 
-.03 

.02 

.7Y 
-.21 
- . S t l  
-.oo 
-.oo 

-.21 
.77 

"60 
-.oo 
-.oo 

-.33 
-71 

-.77 
"24 
"03 

.79 
-.38 -. bR 
"25 
- .D l  

"32 
.80 

-.67 
"17 
.02 

.81 
-a31 
"62 
-.lo 

04 

"27 
.78 

"62 
"07 
.01 

.BO 
"23 
"61 
-.08 
-.01 

-.21 
.78 

"62 
-.os 
-.02 

-. 16 67 

- a b 1  
-.07 
.oc 

UB/UINF 
VB/UINF 
WB/UINF 

CP 
CPT 

-.24 
UB/UINF .7b 
VB/UINF 

-.73 UB/UINF 
-.23 CP 
-.Ob, CPT 

.81 
VH/UINF -.19 
Ub/.UINF 

CPT "03 
CP -.24 

ULI/UINF -.72 

-.lb 
UB/UINF -80 
VB/UINI 

"69  YLI/UINF 
-.21 CP 
"04 CPT 

"21 
UB/UINf -77 
VB/UINF 

"68 WB/UINf 
-.17 CP 
"06 CPT 

-76 
VR/UINl -.18 
UB/UINI 

CPT "04 

Yb/UINI -.6P 
CP -.12 

-. 19 

CPT -.08 
CP -.17 

Yb/UINI "64 
VB/UINI 

-80 Ub/UINI 

1 

TABLE C3.-  Continued 
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X / D  = 6 .00  I? = 8.05  UINF = 38.6 CI/SEC PINF = .10LE+06 N/M++2 
Z / D  = R.00 PHI  = 30.0 DEG 0 = .950E*03 N/M+*2 

1.5 

1 .o 

.5 

0.0 

-.5 

-1.0 

-1.5 

.81 1.17 
"07 "04 
1.19 -86 
-.34 -1.06 - 

.75  .06 

1.01 1.111 
, - .oo -.oo 

.Y7 .8P 

' -.19 .10 
-1.17 -1.10 - 

1 

1 

.Y4  1.09 1 

.02 -.07 - 

.95 .92 
- . P O  "86  -1 

.01 .17 

-.03 -.44 
.R3 1.01 

-.16 - . I 1  
.e3 .79 

.z1 .74 

.83 1 - 0 3  

.01 -.31 

.58 .53 

.03 -.17 

.Ob .27 

1.38 
-.34 

-1.19 
.32 

-.05 

1.18 
-.40 

.25 
-.6Z 
.Ol 

1.62 1.54 
-.35 - . ?e  

-1.58 -1.50 
-.17 -.44 

.23 .17 

1.27 1.79 
-.49 -.46 
-.09 -.34 
-.76 -1.03 
- . 0 3  -.n2 

1.29 

UG/lllNF -.71 
VH/UlNF -.E2 
UH/UINF 

- 2 2  CPT 

1.22 UB/UINF 
"52  VB/UINF 
"60 Uh/UINF 
-.a2 CP 
.32 CPT 

-1.01 CP 

b 
'd 
'd 

z 
U 
H 
X 

m 

TABLE C3.- Continued 

(d) R = 8. Continued. 



1.5 

1.0 

.5 

0.0 

-.5 

-1.0 

-1.5 

"13  
.79 

-.54 
.16 
e09 

.82 
"15  
-.56 
-03 
- 0 4  

-. 18 
.81 

-.58 
.02 
- 0 6  

"17  
.e4 

" 6 1  
-.01 

.09 

- 8 6  
-.13 -. 65 
-.13 

.06 

, .87 
-.09 
-.66 
-.22 
-.02 

- . lo  
.85 

-.71 
-.22 

i .02 

-. 23 
.85 

-.41 
.08 
-03 

.98 - m 36 

-. 14 
-.32 

- 0 6  

1.06 
-.43 
"37 
-.25 

.19 

1.27 
- . 4 3  
-.35 
"68  
.25 

-.46 
1.30 

- e 4 1  
"67  

.42 

- ,46 
1.24 

-.42 
-.64 

.29 

-.44 
1.22 

-.53 
"66  

-.20 
1.00 

"14 
.02 
.09 

1.23 
-.19 
- . O R  
-.38 
.18 

"23 
1.43 

-.06 
-.51 

.61 

1.35 
-.25 
"05 
-.59 

.31 

1.20 
-.28 

- 0 6  
" 5 1  

.01 

1.26 
" 3 2  
-.lo 

-1.02 
"30 

1.34 
-.25 

-1.13 
.15 

-. 12 
1.08 

-.06 
-.11 

.OR 

1.27 
-.14 

-a36  
-.01 

.28 

-.12 
1.42 

-.oo 
-.60 
.45 

1.39 
"13  
.07 

"60 
.37 

-.12 
1 . O H  

-.52 
- 1 5  

-.32 

-.24 
1.14 

-.79 
- 3 0  

-.35 

1.16 -. 1 5  

-1.00 
.43 

- 3 2  -.24 -.44 

-.01 
1.16 

"05 
-.12 

2 4  

1.62 
-.oo 

. O ?  
-.39 

- 6 6  

-.01 
1.47 

-.49 
.02 

.69 

1.28 
. 0 1  
. 0 7  

" 5 2  
.14 

1.07 
.01 

"56  
.22 

-.37 

1.00 
.04 
.44 

-.59 
-.40 

1.15 
.oo  

" 9 1  
.53 

1 .?4 
.13 

-.21 
.02  

.34 

1.37 
.12 . O? 

- . 4 3  
.41 

1.44 
.17 

"56  
.Ob 

.57 

1 .zo 
. l R  
. 02  

-.4* 
-05 

1.07 
.16 

-.59 
.17 

-.35 

1.03 
.26 

-.50 
.40 

-.Zl 

1.15 
.22 

-1.00 
.39 

1.02 
.20 

- . I 5  
- . 0 3  
-07 

1.27 
.22 

- . O b  
-.27 

- 4 1  

1.46 
- 2 6  -. 02 

-.58 
- 6 2  

1.49 

.01 
-.75 

.58 

1 .Zb 
.35 

-.72 
-04 

.oo 

1.21 
- 3 6  

-, 97 
.10 

- .35 

1.20 
.25 

-1.15 
.09 

.29 

1.04 
- 2 4  

-.14 
-.15 

. o o  

1.32 
.3? 

-.OR 
-.48 
.40 

1.37 
.31 

-.04 
-.51 

.47 

1.40 

-.12 
.3b 

" 5 6  
.55 

1.34 

-.12 
.39 

-.bR 
.30 

1.40 

-.11 
. 4 3  

-1.11 
.OB 

1.24 
.37 

-1.06 
-.03 

.91 

.30 
" 2 5  
- . 0 3  -. 04 
1.15 

.33 
-.17 
- . 3 0  

.17 

1.26 
. 3 4  

-.20 
"40 

.3s 

1.27 

" 2 3  
- .45  
-46 

1.35 
.49 

-.20 
-.69 

- 4 1  

1.41 
.47 

" 3 0  
-.96 

.37 

1.43 
.39  

-1.12 
"40 

.4a 

.85 

.33 
"29  
.08 
. o o  

1.09 
.37 

-.2b 
- .d l  

.09 . 
1.15 
.44 

-.2R 
- . 3 4  

.35 

1.76 

" 3 2  
.42 

-.57 
.30 

1.38 

- . 3 4  
.44 

-.77 
-46 

1.43 

-. 39 
. 4 3  

-1.07 
.32 

1 - 5 2  
.35 

-1.30 
-.55 

.H3  

.27 
- . 3 1  

,os -. 04 
.51 
.31 -. 3Y 

-.12 -. 0 5  

. Y Y  
- 3 6  

-.44 -. 19 
.ll 

1 - 0 6  

-.41 
.35 

- . 4 3  
.02 

1.32 
.43 -. 44 

-.b7 
.47 

1.22 

-.5b 
.40 

L.85 
.13 

1.22 
.3b 

-, 68 
-.82 

.28 

.R2 

.27 
-.44 

.13 
.07 

.E6 
- 3 2  

-.44 
"03 

.oo 

- 9 1  
.37 

"50 
- . l o  
.ll 

- 9 6  

-a50 
. 3 4  

- e 3 2  
" 0 3  

1.02 
.45 

-.55 
-.39 

.17 

1.08 

; a b 1  
- 2 7  

-.70 
-.Ob 

l - l b  
- 3 1  - b Y  

-.83 
.11 

.74 
24  

-.bo 
.22 
- 0 7  

. e4 

-.45 
.25 

-.01 
.oo 

. e3 

.27 
-.53 
-.03 

.02 

.e? 

-.60 
.31 

-.06 
.07 

- 8 7  
. 3 4  -. b 8  

-.1H . l b  

.96 

"62  
.38 

-.45 
"05  

.27 

.50 

-.7Y 
-.35 

.13 

. B O  

.20 
-.49 

.15 

.06 

.83 

-.53 
- 1 9  

q06 
07 

.B8 

.20 
-.53 - 05 
-05 

. b 5  

-.55 
.21 

- 06 
- 0 6  

.82 

.24 
"67 
-.I1 
.07 

.83 

-.b9 
Q 16  

-.20 
.oo 

.82 

-.77 
. I2  

- a  29  
-.00 

.15 

.18 
-.52 

.15 
- 0 7  

83 

-. 5 3  
.17 

- 0 6  
.06 

. d b  

.20 
-.55 
-.01 
.08 

.H6 

-.51 
.19 

-.06 
.os 

. H4 

.18 
- . 6 2  
-.08 
.05 

.84 

-.6b 
.13 

-.17 
.oo 

.e2 

-.71 
.OB 

-.21 
-.02 

.81  UB/UIIVF 

.14 Vb/UlFIF 
-.53 kd /U INF 
.ll CP 
.07 CPT 

. .  
-1 

TABLE C3.- Continued 

( d l  R = 8. Continued. 

* 
cd 
cd 

z 
U 
H x 

m 



.75 

1.5 1 -.74 
' .05 

1 -16 
' .28 

.83 

.02 
1.0 "74 

-.02 
' -23 

.85 

.5  -.70 
e 10 

- . O B  
-14 

i -88 
- 1 4  

0.0 I -.69 
I -.09 

.20 

1 .89 

-. 65 
-15 

L 
-.09 
.I5 

.87 

"63 
.22 

-.02 
.19 

.80 

.24 
-.63 
-14 
.23 

-.21 -.13 
1.40 1.23 

-.54 .31 
-.93 -.73 
.39 -.11 

"03 .04 
1.45 1.44 

-.59 .18 
"95 "92 
.53 ,22 

1.38 1.41 
.04 .21 

"53 -26 
-1.00 -1.16 

.19 -.05 

1.25 1.35 
-75 -23 

"61 -24 
-.74 -1.06 
-26 "12 

1.08 1.19 

-.54 .21 
-39 .36 

-.48 -.35 
.14 .26 

.99 1.07 

.41 .33 
"52 .23 
-.24 -.07 
-18 .23 

.9R 1.02 

.4b -25 

-.07 .02 
-.43 -.04 

.29 .12 

1.09 
-e07 
.59 

-.51 
.04 

-.01 
1.26 

.6E 
-1.01 
-.Ob 

1.08 
.ll 
.63  

"62 
-.04 

1.24 
.12 
.50 

"72 
.u9 

1.08 
.25 

-. 24 
.36 

.l? 

1.06 
.15 
.31 

-.IO 
.15 

.99 

.09 

.20 

.1.? 

.IS 

-.03 
1.04 

-.71 
.71 

-.I1 

1.13 
.05 
.73 

-.91 
-.09 

-.03 
.95 

.74 
-.48 -. 02 
1 .oo 
.Oh 
.61 

-.04 
- . 4 3  

1.00 
.07 

-.?4 
. 4 3  

-.03 

.90 

.06 

.31 

-.08 
. 0 1  

.95 

.07 

.ll 

.oo 
-.07 

-.03 
1.00 

-.5h 
.70 

-.05 

1.07 
-.14 
.77 

- . A 0  
-.03 

-.I4 
1.13 

-.73 
.69 

.05 

1.04 
"09 

. 56  

-.17 
-.59 

-.12 
.96 

"25 
.45 

-.11 

.97 
-.13 
.27 

-.06 
-.02 

-.17 
.92 

.os 

-.09 
.no 

-.oo 
1.15 

.51 
-.EO 
-.22 

-.08 
1.35 

.48 
-1.15 
-.Ob 

-.19 
1.25 

.50 
-.9e -. 12 
1.15 
-.29 
.49 

"61 
- 0 4  

-.33 
1.10 

-.41 
.33 

.03 

1.06 
-.26 
.22 

-.I2 
.12 

-.22 
.95 

.OR 

.08 

.05 

1.48 
.I5 

-1.25 
-22 

-03 

-.O2 
1.45 

-1.30 
-.18 

1.46 
-.19 

-1.15 
. l b  
.05 

1.29 
-.35 
.19 

-.I32 
.oo 

-.41 
1.15 

-.55 
.17 

-.02 

-.42 
1.04 

.06 
-.I5 
.12 

-.3s 
.99 

-.02 
.03 
.15 

.14 

1.48 1.31 
-22 -30 

"14 -.56 
-1.18 "65 

.10 .*9 

1.65 1.60 
.02 .07 

-1.38 -1.26 
-.20 -.49 

.39 .SA 

1.52 1.48 
-.13 - . O B  

-1.22  -1.06 
- .I6 -a53 

-16 -44 

1.44 1.42 
-.31 "23 

-.98 -1.03 
-.21 -.43 

-24 -24 

-.45 - . 4 L  
1.23 1.20 

-.72 -a68 
. 03  .14 

1.08 1-07 
-.47 -.51 

"29 -e38 
-.15 -.37 

.12 .1R 

-.42 -.46 
.97 1.02 

-.03 -.09 
-.18 -.35 

.13 .Z8 

- . l a  -.a2 

1.31 

- . 6 Y  
.28 

-.52 
76 

1.45 

-.64 
.I5 

-1.04 
.53 

-. 05 1.39 

-. 67 
-.97 

. 4 3  

1.27 
-.27 
-.67 
-.7b 
.39 

-.40 
-.bo 
-.61 
.22 

1.04 
-.41 

-. 34 -.53 

.19 

.'38 
-.46 
-.46 
-.07 
.31 

1.14 

1.23 
-29 

-.7* 
-.bo 
.56 

1.2s 

-.76 
.OH 

-.E1 
.35 

"07 
1.20 

-.76 -. 79 
-26 

1.13 
-.21 
-.76 
"61 
.30 

-.34 
1.02 

"71 
-.46 

15 

-.e3 
.93 

"61 
-.1Y 
-25 

-.41 
.86 

-.57 
.04 
.28 

1.06 
.22 

-.77 
-.36 
-41 

1.07 

-.E2 
-03 

-.bo 
.22 

-.Ob 
1.04 

-.e4 
-.49 
-30 

1.05 
-.lo 

-.51 
-.79 

-23 

-.34 
.91 

-.73 
-.24 
.25 

.91  
-.34 

- .11 
"67 

-29 

-.32 
. LIM 

-.59 
.02 
-25 

. 8 b  

.19 
-.78 
-.18 
.22 

.94 

-.79 
06 

-.35 
.16 

-.12 
.92 

-.El 
-.22 
-30 

-89 
-.I8 
-.77 
"17 

27 

-.33 
.80 

-.77 
-.oo 
.3* 

-.33 
.YO 

-.bb 
- . 0 1  
.34 

"31 
.84 

"63 
-05 
-26 

.70 

-.e3 
.23 
.43 

.7Y 
-.02 
-.71 
-.01 
.22 

-.11 
.eo 

- .16  
-.01 
.23 

.91 
-.16 -. 72 -. 12 
.25 

-.23 
-86 

- .68  
-.02 
-23 

.89 
-.24 -. 65 
.oo 
.29 

-. 23 .80 

- . 6b  
.17 
-30 

.15 
-75 UB/UINF 
-05 VR/UINF 

"70 WR/UINF 
.22 CP 
.27 CPT 

-85  UB/UINF 
"02 VB/UINF 
- " 6 b  WB/UINF 
.04 

VH/UINF "05 

CPT 1 e 1 9  
CP 

-84 UB/UINF 

-.67 YB/UINF 

-18 CPT 
.03 CP 

.e8 UH/UINF 
- .Ob VR/UINF 
" 6 5  WH/UINF 

.oo CP 
-21 CPT 

- . I5  VR/UIhrF 
-85 UR/UINF 

"63 W R N I N F  

-21 CPT 
.06 CP 

"13 VM/UIhF 
-84 UB/UINF 

-.62 

CPT .22 
CP .IO 

WB/UINF 

"18 Vd/UINF 
a89 UB/UINF 

"60 WB/UINF 
.Ob CP 
.24  CPT .~ I 

TABLE C3.-  Continued 

( d )  R = 8. Continued. 



X / D  = 10.00 
Z / C  = 5.31 

u = 8.02 U I N F  = 3H.b M / S E C  
PHI = 3 0 . 0  DEG 

1.5 

1 .o 

.5  

0.n 

-.5 

. 7 9  

.2? - .60 

.12  

.15  

.R7 

-.54 
.21 

. 0 3  

.14  

. R9 

.?3 
" 5 2  

.04 

. l h  

. 9 2  

-.SO 
. ? 3  

.03 

.1R 

.8b  

.20 
-.49 

.12  

.09 

1 .90 

- .47 
.19  

.oq 

. I 6  

.94  

.45 - * 34 
-.06 . l h  

.94  

.4? 
-.34 
- .oo 

.1H 

.92 

.31 
-.34 

. O R  

.15  

- 9 1  

-.35 
.?5 

.12  

.14 

.90 

. 2 3  -. 3 7  

.12  

.12 

.91 

- .3R 
.?O 

.14 

.16  

.88 

-.40 
. I 6  

. l h  . l ?  

.9R 

.30  
- .01  
.03 
.OR 

.95 

-.14 
.26  

.16  

.15  

.91  

.19  
-.20 

.1b  

.07  

. R 9  

- .26 
.16 

- 1 6  
.05 

.90 

.15  
- . 3 0  

.1H 

.10 

.91 

- . 3 3  
.12 

.15  

.10 

.10 

.H8 

- . 3 3  
.10 

- .oo  

.8R 

. ? 3  

.10 

.12 
-.04 

.97 

-.Oh 
.15  

.05 

.Uh 

.1n 
- . I 3  

.10 
- . l o  

.H9 

- .?2 
. 1 1  

.14 

.n7 

.on 

.89 
.10 

- .26 

. o o  

. 1 3  

. R 7  

-.30 

- . 0 5  
.10 

. o p  

. R 7  

- .31 
.Oh 

-.07 

. nR 

. 0 ? 

.Oh 

.04 

-.15 

.95 

.Oh 
-.D? 
- . oo  

-.no 

- . i n  

.92  

.05 
-.11 

.01  
-.13 

. P 4  

"71 
.01 

-.20 

.85 

.O? 
-.E7 

-.13 

. P 3  

- . ? R  
. O? 

-.17 
. 05  

.01  

.P3 

- .?1 

- . l S  

. n 4  

.n7  

. nh 

-. 07 
. h8 

. 0 7  

.03 
- .18 

. q 3  
-.08 

-.05 
- . 0 3  

- .16 

. R 9  

-.14 
.01 

-.17 

.99 
-.OR 
-.1q 

- . I 5  
. O ?  

" 0 4  
. H 3  

- .2R 

- .15  

. E7 
" 0 4  
-.?9 

- .12  
.03 

. R 3  

-. 3 2  

- .19 

- . i n  

. n 7  

-.n? 

. n2  

-.22 
. q3 

- .01 
. 0 9  
. o o  

.y4 -. 19 
-.OH 

-.02 
.05 

-. 1 5  
. 9 3  

"16 
.06  

-.02 

.93 
- . l o  
"23 

- .01 
.Ob 

- . O H  
.90 

"29 
. 0 7  

- . 0 3  

.87 
-.07 
"31 

- . O R  
.06 

- .07  
.85 

-. 3 5  
.05  

-.09 

- .31 
.94 

-.09 
.07 
.Ob 

.45  
- * ? 7  
-.15 

.09  

.08 

- .21  
.44 

- . 23  
.10 
.OH 

. 9 3  
-.17 
-.?h 

. l l  

.07 

"13 
.91  

- . 3 0  
.10 
. 0 4  

.91 
- .11 
- . 3 3  

.10 

.05 

.87 
- . l o  
-.37 

.10 

.01 

-.37 
.95 

-.23 
.02 
.13  

.92  
"32 
-.24 
.10 
. l l  

-.27 
.94 

-.E8 
.12 
- 1 6  

- 9 2  
-.21 
-.31 

.14  
- 1 3  

"17 
.91 

-.34 
.I5 
. l ?  

.90 
"14 
"36 

.14  

.10 

.89 
- .13  
- . 3 8  
.l? 
.on  

"40 
.95 

-.37 
-.02 

. i n  

. Y O  
-.37 
- . 3 6  

.09  

. I 6  

-.2P 
.93  

-.34 
.10 
- 1 6  

. Y ?  
"23 
-.35 

.12  

.14  

-. 20 
.90 

- .37 
.I5 
.15 

. M7 
- .16  
- .39 

.17  

.12  

-.14 
.89 

"41 
- 1 4  
.1?  

-. 37 
.68 

-.47 
.05 
.20 

.Y2 
-.37 
-.39 

. 0 3  

.17 

-. 29 
. 9 3  

- . 39  
.07 
.1b 

.90 
-.26 -. 3Y 

.14  

.1R 

.90 

-.40 
-.E2 

.14 . l b  

.Y 1 
-.17 
-.40 

.15  

.16 

-. l b  
. e8 

-.42 
.15 
.13  

-.34 
.87  

-.55 
.02  
.21 

. H Y  
- . 3 3  
- .49 

.02  

.17 

- . 3 0  
.92 

-.43 
04 

.17 

- 9 1  
"25 
- . 43  

- 0 9  
.17  

"24 
.8H 

-.43 
.12 

14 

. 8 4  
"19 
-.43 

.12 

.13  

- . l 6  
- .45 

.12 

.12 

.ne 

"25 
. e6  

- . 5 Y  
. o o  
.16 

.P7 
"29 -. 57 

.02 

.14 

-.27 
- 9 0  

- . 4 7  
.06 
.1P 

.P8 
- .?3 
-.47 

. l l  

.16 

-.?1 
.A8 

- .45 
. I 3  
.15  

.90 

-.*5 
.10 
.15 

.b7 

-.44 
. l l  
. l l  

-. 1n 

- . i n  

-.21 
.82 

-.b2 
.os 
-15 

.90 
-.2b 

-.02 
-. 56 

15 

"27 
"50 

.01 

.18 

.85 
"23 - .54 

. l l  

.18 

-.21 
.84 

-.49 
'11 
. l l  

.88 
"17 
-.47 

.10 
1 3  

"16 
.t)8 

-.*a 
.09 
.13 

.92 

-.20 
- 6 9  

-.67 
- 2 6  
.22 

.85 
-.24 
-.55 

- 0 5  
- 1 3  

-.22 -. 56 
- 0 3  
.18 

.89 
-.18 
-.52 

- 0 6  
- 1 6  

. a 9  

-.21 
-.50 

- 0 6  

. a9 

.14 

-86 
-.17 
-.49 

.12 

.12 

-.1b 
.88 

-.49 
- 0 7  
. l l  

- e 1 1  VB/UINF 
-e55 WB/UINF 

e 0 9  CP 
.14 CPT 

.e3 U&UINF' 

- . ~ ~ V B / U I N F  
.85 UB/UINF 

-.ST'WBlUINF . 0 6 :  CP 

.13 CPT 

- e 1 5  IVB/UINF 
-.55 WB/UINF 

. 03  CP 

.13 CPT 

e 8 9  UB/UINF 

.89 I U B N I N F  

"14 VB/UINF 
"52 WR/UINF 
.08 CP 
.17 CPT 

"18 'VB/UINF 
.85 UB/UINF 

-.51 :WB/UINF 
.10  CP 
.12 CPT 

- 9 0  UB/UINF 
"16 VB/UINF 
"49 WB/UINF 

- 0 5  CP 
.13 CPT 

- e 1 4  ;VB/UINF 
-86 UB/UINF 

-.49 'WB/UINF 
.10 CP 
.10 I CPT ~ 

TABLE C3.- Continued 
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I 

X / D  = 11.91 
Z / D  = 2.2R 

P = 8.03 IJIW = 38.5 r / S E C  
P H I  3 0 . 0  DtG 

-5.01  -2.52  -1.00 -.50 0.no .50 1.01  1.51  2.01  2.51 3 . 0 2  3.52 4 . 0 3  4.53 5-03  6-03 

1.5 

1.0 

.5 

' 0.0 

-.5 

-1.0 

-1.5 

.8* 

. 1 R  - ,49 

.12 

.ll 

.87 

-.47 
.14 

.07 
06 

. A9 
-15 

- .4R 

.09 

.92 

-.46 
. 1 6  

-.oo 
. O Y  

.8b 

.15 
- .4R 

. O R  

. O R  

.R7 

.16 
-.4Q 
.04 
.Ob 

-79 
.l l  

. O R  
-.5H 

.05 

.82 

.19 
-.44 
.20 
.10 

. R8 

"42 
.15 

.10 
-09 

.91 

.ll 
- . 4 3  

- 0 6  
. O R  

.90 

-.44 
.14 

.Oh 

.09 

. H7 

.10 
-.45 
.10 
.07 

.87 

-.44 
.ll 

.05 

.03 

.R7 

-.4h 
.09 

.03 

.04 

. H4 

.13 
-.40 
.16 
.03 

. h f l  

-.40 
.08 

.l l  

.05 

. A 7  

.OR 
-.40 
.07 

-.oo 

. H 7  

-.42 
.06 

-.01 
.Ob 

. A 3  

.07 -. 46 

.10 

.01 

.R3 

-.44 
.07 

-.07 
.04 

.n1 

.03 
-.47 

.05 
-.07 

.75 
* 09 

-.3Y 
.17 

-.lo 

.e2 

-.39 
.05 

-.12 
.05 

. A5 

.04 
-.4l 
.Oh 

-.OS 

.80 

-. 46 .O? 

.10 -. 05 

. R O  

-.4n 
. 0 3  

-.13 

.75 

-.49 
.05 

-.OH 
. l l  

.77 

.07 
- . 4 H  

.Oh 
-.IO 

. n? 

.7R 

.06 
- . 3 R  
.15 

-.lo 

. R5 

-.37 
. 0 3  

-.OR 
.05 

. R ?  

-.40 
.03 

.07 
-.lo 

. P O  

-.41 
.05 

-.1? 
.07 

.74 

.03 
- . 4 3  

. 0 6  
- . 1 7  

.P3 

.03 
-.44 

-.06 
.05 

.7A 

. o o  
- . 4 P  

* O P  

* 79 
.03 

-.35 
.09 

-.lb 

. H 5  
- .oo 
-.36 

. O R  
-.07 

. f l4  

.O? 
-.39 
.06 

-.07 

.84 
-.01 
- . 3 8  

-.13 
.02 

-. 07 . RO 

-.45 
.12 -. 04 
.79 
.01 

- . O R  

-.03 
.13 

- . 0 3  
.e0 

-.47 
.05 

"09 

.79 
-.01 
- . 4 3  
.23 
.04 

. R4 
-.05 
-.40 

- .01 
.12 

- . 0 3  
.H3 

-.41 
.OR 

-.07 

.R6 
-.02 
-.38 

. 0 1  
-.in 

-.02 
.79 

-.44 
.08 

-.09 

. R 3  
-.03 
-.39 
-.03 
-.18 

-.01 
.7R 

-.4R 
. l l  

- .Oh 

.Rb 
" 0 3  
-.40 

.15 

.04 

.n9 
-.Oh 
-.40 

.OH 

.03 

"07 
.RR 

- .42 
. O R  
.05 

.M4 
-.05 
-.43 

-.05 
.07 

-.04 
. 84 

-.44 
.05 

"04 

.75 
-.Ob -. 49 
.15 

-.04 

-.os 
.83 

- .45 
.02 -. 08 

A 4  
"07 
"41 
.21 
.09 

.R3 
-.Ob 
- . 4 3  
.15 
.03 

-.OB 
.90 

-.44 
.07 
. O R  

.88 
-.06 
-.45 

- 0 6  
.05 

-.05 
-.45 
-07 
.04 

. A7 
-.06 
-.45 

-.oo 
.02 

"04 
.79 

-. 4R 
07 -. 08 

.n7 

.R2 
- .OR 
-.45 

.22 

.10 

.Ab 

- . 4 3  

.07 
-15 

-.09 
. M9 

-.44 
.ll 
. l l  

.YO 
- . O R  
-.45 

. O R  

.10 

"07 
-86 

"46 
.10 
.Ob 

-.on 

. 86 
- s o 6  
-.47 
.09 
.04 

-a06 
.83 

-.49 

. 0 3  

.10 

.84 
-.ou 
-.45 
.1R 
.10 

.Re 
-.09 
- . 4 3  

.ov 

.Ob 

- .OR 
.90 

-.43 
.07 
.o') 

.yo 
-.lo 
-.44 
.08 
.10 

-.08 
.87 

-, 46  
.OR 
.05 

-.09 
.e7 

-.47 
.OH 
.OH 

-.07 
. R 6  

-. 4P 
,06 
.03 

-. 10 .83 

-.47 
19 
.12 

.BY 
-.lo 
-.44 
.10 
.10 

-.11 
.89 

-.45 
.OB 
.OY 

.90 
-.09 
-.45 

. 0 7  
-09 

-.lo 
.87 

-.47 
. oq  
.Oh 

.90 
-.OH 
-e46  

. 0 3  

.Oh 

-.or 
.85 

-.4R 

.oo 

.04 

. R 4  
-.09 
- . 4 H  
.20 
.13 

.87 
-.11 
- . 4 h  
.13 
.ll 

-.lo 
. b7 

" 4 6  
.ll 
.10 

.87 
-.lo 
-.47 

14 
.14 

- . l o  
.YO 

-.45 
.09 
.I1 

- 8 6  
- . 07  
- . 4 n  
.12 
.l l  

-.08 
. R5 

-.4H 

. 07  

.10 

.83 
-.11 
- . 4 R  
-16 
.IO 

.88 
-e13 
" 4 6  
.07 
.08 

-.11 
-90 

-.47 
- 0 6  
.ll 

-90 
"14 
"46 

- 0 5  
.10 

"09 
. t )R 

-.47 
-06 
.07 

. t lM 
-.IO 
"47 
.07 
- 0 7  

-.11 
.84 

-.50 

-04 
o 07 

.85 
"09 
-.49 

.I1 

.87 
-.lo 
-.47 
.10 

.14 

.09 

-.11 
.y1 

-.48 
.05 
.ll 

.90 
-.lo 
-.47 
.05 . OY 

-.11 
.a8 

-.47 

.06 

.Btl 
-.11 
-.47 
-04 
.06 

-.08 
.8l 

"50 

-. 02 

,135 

. 0 7  

- . 07  VR/UIkF 
.84 UR/UINF 

-.51 YR/UINF 
.14 CP 
.11 CPT 

.85 UR/UINF 
"10 VR/UINF 
- . 4 3  UH/UINF 
.09 CP 
. 0 7  CPT 

-.11 VB/UINF 
-91 UB/UINF 

-.4d WB/UINF 
- 0 4  CP 
.ll CPT 

.89 UE/UINF 
-.11 VR/UINF 
-.47 WB/UINF 

-10 CPT 
. 0 7  CP 

"09 VB/UIYF 
-89 UR/UINF 

-.b6 WB/UINF 
.07 CP 
.oa CPT 

"40 UH/UlNF 
"10  VH/UlhrF 
-a44 WH/UINF 
.03 CP 
.05 

IJH/UINF -83 

CPT 

I -06 .~ - . O P  . .  

TABLE C3.- Continued 
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-5.2n -2.67 -1.10 -.SR -.n5 .47 1.01  1.52  2.05  2.57  3.10  3.62  4.15 4.67 5.21  b.25 

- .Ob 
- 9 0  

1.5 - .33 
.17 
.10 

.93 
-.lo 

1.0 -.31 

.ll 

.13 

.95 
-.il 

.5 -.31 
.a8 
.09 

.95 
~ - e13  

0.0 - . 3 3  
.10 
- 1 4  

.95 

- . 5  -.33 
"13  

- 0 7  
' .12 

.93 

-1.0 -.37 
"16 

.ll 
- 1 3  

.92 

-1.5 ~ -.37 
' -.16 

1 

- .Ob 
.92 

-.28 

- 0 9  
.17 

.94 
"09  
-.25 

.12 

.08 

-.11 
- 9 6  

-.E4 
-09 
.08 

.98 -. 15 
"23 

.os 
- 0 9  

.97 

-.22 
"17 

.Ob 

.09 

1.01 
-.15 
-.23 

.oo 

.09 

1.02 
-.20 
"24  
- . 0 1  

- 1 3  

-.02 
.92 

-.26 

- 0 9  
.17 

.Q5 
-.07 
-.22 

.12 

.08 

"06 
.94 

-.20 
.ll 
.04 

.99 
"07  
"17  
.05 
.Ob 

- . lo 
1.02 

-.13 
-.04 
.04 

1.05 
-.11 
-.11 
-.os 
.08 

-.13 
1.04 

-.11 
-.03 

.09 

-.01 
- 9 0  

-.25 

.07 

.19 

.94 
-.03 
-.22 

. 1 0  
-04 

-.nh 
.95 

-.20 
.IO 
- 0 6  

.92 
-.Oh 
"15 

-.02 
.10 

- . O R  
1.00 

-.12 
.oo 
.04 

-.07 
1.06 

- . O R  
-.05 

. O R  

"07 
1.09 

- . O b  
-.05 

.16 

.9n 

.01 
-.?5 

. I 0  

.23 

.Q5 
-.01 
-.21 

- 1 4  
.09 

"03  
.Q7 

-. 19 
.10 
. O R  

-96 
"03 
"17 
.OR 
.03 

"03  
.9P 

-.11 
.07 
.04 

1 .n4 
-.oo 
- . l o  
-.03 
.Oh 

-. 01 
-.05 
-.Ob 

- 1 4  

1 .09 

.91 

.01 - .?5 
- 2 4  
. I 3  

.95 

-.?1 
.01 

.17 

.12 

.Y5 

- . ? O  
- .oo  

.17 

.ll 

.Y7 

-.lh 
. 0 3  

.13 

.10 

.96 

.02 
-.16 

.09 

.os 

1.07 

-.09 
.04 

-.01 
.15 

1.11 
.04 

- . O R  
. 0 1  
- 2 5  

.91 

.04 
"25  

. 1 1  
.21 

.94 

-.20 
.04 

.16 

. O A  

.95 

.02  -. 19 

.14 

.07 

.95 

-.17 
.05 

.12 

.06 

.9R 

. 06  
"14 

.10 

.09 

1.07 
.07 

-.02 
"13  

.16 

1.11 
.09 
-.lo 
-.OS 

.20 

.91 

.Oh 
-.26 
.20 
.10 

.93 

-.?2 
.05 

.17 

.09 

. 9 4  

.Ob 
-.20 
.ll 
.05 

. Q 5  

. O R  

.10 

.03 

.YY 

.09 
-.13 

.04 

.05 

1.01 

-.11 
.12 

-.01 
. 0 3  

1.13 
.13 

- . O R  
-.11 

-.17 

-90 
.07 

"27 
.20 
.09 

.Y 3 

-.23 
.07 

- 1 6  
0 9  

96 
.Oh 

-.23 
.ll 

OH 

.97 

-.21 
. O R  

.06 

.Oh 

.9v 

.13 
-.EO 

.OR 

.ll 

1.01 

"13  
.14 

.05 

1.05 

-.12 
. I 7  

- . O R  

-.02 

.?O .07 
~~ 

.YO 

.10 
"27  

.iio 

.09 

.97 

"24 
.07 

.09 

.09 

.9h 

.lo' 
-.E3 
.ll 
.10 

.95 

-.23 
.ll 

.12 

. O R  

.96 

.14 
-.21 

.OB 

. O R  

1.02 

-.20 
.15 

.02 

.12 

1.06 

"15  
.21 

"07 
.10 

.YE 

. O Y  
-.2A 

.17 

.lI 

.v4 

-.26 
.09 

.13 

.10 

.94 

.09 
-.25 

.12 

.OH 

.95 

-.24 
.14 

.13  

.ll 

. vu  

-.23 
.14 

.07 

.I1 

.98 

-.22 
.15 

.05 

.OH 

.99 

.20 
-.23 - 02 

.YO 

.ll 
-.30 

.19 

.10 

.Q5 

-.2H 
.09 

.12 

.ll 

.94 

.10 
-.2U 

.13 

.10 

.94 

-.?5 
.12 

.09 
- 0 6  

.Y4 

"26  
.14 

.ll 

.09 

.97 

I - . E 6  
.15 

.05 

.or 

. Y 8  

.21 
"26  

.89 

.12 
"30 

.20 

.IO 

.93 

- . ? h  
.10 

.12 

. 04  

.95 

.ll 
-.2A 

.12 

.ll 

.95 

-.29 
.13 

.Oh 

.10 

.94 

.15 
-.?h 

.10 

.OH 

. 96 

-.29 
- 1 6  

-06 
.ll 

- 4 6  
. 1 B  

" 3 1  
~ .03 .03 

.OY .ll . O Q  

.YO 

.ll 
-e30  

16 
. 0 9  

.Y4 

-. 28 
.10 

.ll 

.09 

.95 

.ll 
"30 
.ll 
.ll 

.Y4 

"30 
.12 

0 9  
.08 

.v4 
- 1 5  

-.31 
.10 
.10 

. 9 3  

- .30 .15 

.05 
05 

. Y5 

. I 7  
- . 3 3  
.05 
.09 

.91 

.ll 
" 3 1  

.16 

.fly 

. v 3  

-.30 
.10 

.ll 

.03 

.95 

.11 
- . 3 0  

.09 

.10 

.95 

-.30 
.12 

- 0 7  
.OY 

.Y4 

.14 
"32 

.10 

.11 

.94 

-. 3 3  
.Ob 
.08 

96 

-.35 
. I 6  

. 0 3  
- 1 0  

.14 

- 9 1  

wH/UIhF - . 3 3  
Vh/UINF -11 
UR/UINF 

- 1 0  CPT 
.15 CP 

.08 V@/ll IhtF 

.Y6 UR/UINF 

"33  YR/UlNF 
.08 CP 
.12 CPT 

.9S I lh /UI)vF 

- . 3 3  Wb/UINF 
.ll VB/L'INF 

.07 ' CP 

.10 CPT 

.93 'UHIUIPIF 

.12  VH/\IINF 
-.33 WR/UINF 

. 10  CP 
-08 CPT 

.Y5 UR/UINF 

-e35 bR/UINF 
.13  Vb/VIPIF 

.05 CP 

.08 CPT 

. Y E  CIR/lIINF 
e 1 3   V H / ~ J I N F  

- . 3 6  WCJ/UINF 
-06 CP 

.~ -05 i CFT , 

TABLE C3.- Continued 

( d )  R = 8. Continued. 



X/D = 13.10 
Z / D  14.16 

R = 8.03 U I N F  = 38.5 M / S E C  
P H I  = 20.0 DEG 

1.5 

1 .o 

.5 

0.0 

- . 5  

1.0 

1.5 

- 

-.12 
-92 

-.38 
-16 
16 

.93 

"36 
-. 15 
.04 
-06 

-.17 
.94 

-.41 
.05 
.14 

.93 
-.21 
-.42 
-05 
.I2 

-.22 
.94 

-.44 
-.05 
.OR 

-96 
-.20 

-.os 
-.49 

.I6 

-.19 
.93 

-.56 
-.08 

-.22 
-.O2 
-13 

1.14 
"19 
"16 
-a14 
.23 

-.22 
1.16 

-.19 
-.20 
.23 

1.18 
-.28 

"26 
"17 

.24 

- . 3 3  
1.06 

-.20 
-.I9 
-09 

1.07 
"29 
-.23 
-a42 
-.14 

-.30 
1.16 

-.22 
-.55 

"09 
- . o o  
.16 

-.15 
1.05 

-.OB 
-.07 

. 0 7  

1.10 
-.18 
.oo 

-.20 
.05 

-.21 
1.08 

-.E4 
.oo 

"03 

1.12 
-.21 
.10 

- . 4 3  
-.I1 

- . 2 6  
1.05 

.26 

"15 
-.40 

1 .05 
-.21 

.22 
-.46 

1.0h -. 04 
- . 0 4  
-.02 
.12 

1.13 

-.02 
- a 0 7  

-.lh 
.ll 

"13 
1.06 

-a17 
.04 

-.01 

.97 
-.OH 

.Ob 
-.21 
"25 

-.1? 
1.01 

-.?S 
.?3 

-.lh 

1.09 
-.Oh 
.27 

- . 4 R  
-.22 

"17 
. A7 

-.24 
.45 

1.15 
.01 

"06 
-.14 
.19 

1.12 
.02 

-.15 
.oo 

. l l  

1.06 

-.14 
.03 

-.n2 

1.06 
-.O? 

. l l  
-.21 
-.07 

-.02 
1.04 

-.32 
.73 

-.19 

1.03 
-.01 
.35 

- . & 3  
-.24 

-.01 
1 . O R  

-.49 
. 4 3  

-.n3 

1.11 
.08 

- . O b  
"05 
.19 

1.11 

.01 

.10 

-.13 
.12 

1.04 
.ll 

-.22 
.03 

-.12 

1.04 
.13 
.10 

-.27 
-.17 

'1 . 0 4  
.14 

-.35 
.17 

-.21 

.96 

.lb 

.2R 
-.22 
-.19 

.9R 

.14 

-.41 
.3e  

- . ? e  

~ 

1.14 

- . O b  
.12 

-.08 
.24 

1.15 
.12 

-.OS 
-.16 
.lS 

1.15 
.14 

-.01 
-.21 
.15 

1.00 

.12 
-14 

-.21 
-.1H 

1.01 
.20 
.ll 

-.27 
-.36 

.98 

.23 

.19 

- . 3 h  

1 .Ob 
.15 
. 3 H  

- . 4 6  
-.22 

-.42 

1.07 
.19 

-.12 
"07 
.13 

1.12 

-.11 
.20 

-.1A 
.12 

1.09 . 20 
-.31 
-.oo 

- . 07  

1 .05 

-.01 
.?3 

-.29 
-.13 

1.15 
.32 

- .45 
. 0 3  

-.02 

1 .05 

.12 
-.42 
-.71 

1.11 
.?A 

-.60 
.14 

-.27 

.29 

1.06 
.19 

-a16 
-.12 

07 

1.09 

-.11 
.19 

-.21 
-03 

1.13 
.22 

-.2R 
-.14 

.08 

1.09 

-.I1 
.30 

- . 3 3  
-.02 

1.06 
- 3 6  

-.1* 
-.35 
- a 0 7  

1.10 
.32 
- 0 3  

" 4 6  
-.15 

1.21 
.2R 

-.04 

-.24 
-.uo 

1.03 
.27 

"19 
- . 0 4  
.13 

1.14 

-.16 
.21 

-.17 
.20 

1.17 
.26 

" 2 6  
-.lU 

.21 

1.15 

-.20 
.31 

- . 3 3  
.14 

1.19 
-31 

-.19 
- . 4 3  
.14 

1.12 

-.22 
.33 

-.53 -. 10 
1.12 

.34 
"29 
-.5R 
- . 1 3  

. 9 3  

.25 
-.21 

. 0 3  
-.oo 

1 .Ob 

-.20 
-.16 
.07 

1.12 
.30 

-.17 
-. 22 

- 2 3  

1.12 

-.25 
.33 

-.Zl 
.23 

1.11 

- .2n 
-.35 
.07 

1.1H 

-. 2H .31 

- . 4 n  
.10 

1.21 
.?7 

-.29 
-.57 
.Ob 

.24 

.31 

. Y 4  

.24 
-.2u 

. 0 4  

.Ob 

.99 

- . E 8  
.26 

-.02 
.ll 

1.05 
.2H 

-.16 
-.28 

.ll 

1.09 

-.2Y 
.3s 

-.20 
.20 

1.07 
.31 

"32 
-.22 

. I 3  

1.10 

-.37 
.33 

" 3 0  
.17 

l.lb 

-.49 
- 3 0  

-.45 
m24 

.91 

.23 
-.31 
.07 
.05 

1.00 

-.28 
.23 

-.07 
- 0 6  

1.02 
.2* 

-.13 
-.32 

.OH 

.r9 

.31 

-.04 
- .3H 

.I8 

1.13 
.31 

-.38 
-.2b 
-27 

1 .Ob 

-.3Q 
. 3 0  

-.25 
.17 

1.08 
-27 

"47 - .35 
.I1 

-96  
.22 

-.33 
. 0 1  
.10 

. Y 7  
.. 22 
-.33 
-.01 
-09 

1.01 
.26 

-.09 
- . 3 4  

.12 

1.02 

"36 
24 

- . I 3  
.10 

1.03 
- 2 3  

-.41 
-.EO 
.09 

1.OY 

- . 41  
.25 

" 3 2  
'11 

1.08 
.22 

"51 
"26 

.23 

. q o  
-17 

-.35 
.12 
.08 

.94 

-.35 
-19 

.04 

.09 

.95 

.20 
-.37 
- . 01  

. 08  

1.01 
- 2 4  

-.09 
- . 4 0  

.15 

.97 

.25 
" 4 2  
-.IO 
.09 

. Y 8  

-.so 
. ?4 

-.07 
.21 

.Q7 

.20 
"52 
"19 
.07 

. 8 Y  lIA/UINF 
-16 VB/tIINF 

"37 WR/UINF 
.14 CP 
.IO CPT 

-94 UB/IIIhF 

-.38 WB/UINF 
.16 VB/UINF 

-04 CP 
-10 CPT 

.Y3 UH/UINF 
-14 Vl4/llINF 

" 4 0  WB/UINF 
.04 CIJ 
.09 CPT 

.91 UB/UINF 

-.42 WB/OINF 
.15 VS/UINF 

.03  C P  

.06 CPT 

.93 UB/UINF 

.13 VB/IIINF 
- . 4 3  WH/UlhrF 
-.01 CP 

.06  CPT 

.Y2 UH/UINF 

-.46 WP/UINF 
.14 VH/UINF 

-.01 CP 
.or CPT 

.Y3 

Wb/UINF "49 
VS/IIINF -14 
UB/UINF 

- .Ob CP 
.07 CPT .15 "06  -.27 -.25  -.13 .. I 

TABLE C3.-  Continued 
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W 
0 

2 

X / D  = 14.00 
Z / D  = 15.30 

P = H.03  llIlvF = 39.3 H/SEC 
PHI = ZF.0 D E G  

o.n 

-.5 

-1.0 

-1.5 

-.nY 
1.01 

-.1? 
-.OR 
-.04 

1 .Ob 
-.os 
- . O A  
-.1R 
-.Ob 

-.Ob 
1.16 

-.05 
-.37 
.05 

1.10 
-.lo 

. 0 4  
-.34 
-.11 

-.15 
1.05 

-.36 
.02 

- . 2 3  

1 .n2 
-.13 
.19 

-.45 
-.35 

-.15 
1.06 

.3n 
-.51 
- . ? 7  

-.oo 
1.08 

-.11 
-.21 
- S O 3  

l.ln 
- .oo  -. 05 
-.21 
.no 

-.02 
1.12 

- . ? 5  
.07 

1 .OH 
"04 

. 02  
-.29 
-.12 

-.n1 

-.04 
1.03 

-. 34 . 0 7  

-.2H 

1.03 
"04 
.25 

-.37 
-.?3 

-.02 
.99 

-.45 
.30 

-.37 

1.06 . O P  
-.12 
-.1P 
- . 0 3  

1.10 

-.lo 
.07 

-.17 
.Ob 

1.16 

-. 04 
-.?Y 

.Ob 

. n 7  

1.08 
- 0 6  
.02  

-.1R 
-.01 

1 . o o  . l? 
-.30 
-.?6 

1 . o o  
. l l  
.17 

-.37 
-.33 

.lo 

1.00 
.10 

-.33 
.33 

-.?1 

. 9 A  

.10 
-.12 
-.11 
-.1? 

1 .nj 

-.n7 
. 1 n 

-.13 
- .a5 

1 .OR 
.14 -. 04 

- . ? V  
- . ~ n  

1 .0H 
.lh 
.04 

-.?7 
-.07 

1 .n4 
.15 

-.33 
. 0s 

-.?? 

I .on 

. n~ * 20  

- . CI? 
- . ? Y  

.44 

.?4 

-. 75 .?4 

-. 3 4  

1.05 
-14 

- . I 6  
-.19 
-.05 

1 .n5 

-.07 
.15 

-.21 
-.OR 

1 .nq 

-.07 

.nl 

. 17  

-.?? 

1 .OR 
.?O 

-.34 
-.12 

-.n7 

1 .n7 
.?l 

-.O? 
- .33 
-.13 

1.04 

.07 -. 39 
- . ? S  

. ?n 

1.07 
.7Q 

-.53 
.10 

- .?R 

.99 

.14 
-.1R 
-.15 
-.1? 

1.04 

-.1? 
.15 

-.19 
-.08 

1.07 
.7? 

-.13 
-.?4 
-.03 

1.13 

- . o q  
. ?? 

-. 34 
.no 

1.11 
.?7 

-.03 
-.32 
-.n1 

1.07 
.34 

-.45 
-.1R 

1.20 
.32 

- .56 
. n2 

-.02 

-.no 

.Y7 

.18 
-.?1 
-.lo 
-.07 

.')Y 

-.18 
.20 

-. 15 
-.09 

1.07 
.72 

-.15 
-.27 
-.05 

1.13 

-.15 
. 2 6  

-.32 
.05 

1.0h 
.?8 

-.lo 
-.36 
-.15 

1.25 

-.09 
.?8 

- .62 
.03 

1.13 
.34 

-.12 
-.s3 
-.12 

.97 

.19 
- . E 2  
-.12 
- . 0 9  

.97 

-.?4 
.20 

"13 
- . O Y  

1 .O3 

-.22 
-.14 
.05 

1.13 

-.19 
.25 

-.35 
.03 

1.11 
.25 

-.20 
-.31 
.04 

1.09 

-.?7 
. 3 4  

- . 3 9  
. o o  

1.08 
.3Y 

- . ? 3  
-.43 -. 05 

.2n 

.95 

.20 
- . 2 6  
- . O R  
"07 

.97 

"23 
.21 

- . I 3  
- . 0 7  

1-06 
.23 

-.?5 
-.22 
.03 

1.05 

-.2* 
- 2 7  

-.19 
.05 

1.03 
30 

" 2 6  
-.28 
" 0 7  

1.09 

- . 3 3  
-32 

-. 3 6  
.04 

1.09 
.37 

- . 35  
-.38 . O A  

.94 

.20 
-.30 
"05 
- e 0 3  

.94 

-.30 
.24 

-.08 
"05 

.9R 
-25 

-.lo 
-.do 

.01 

.Y5 

-.2R 
-27 

"13 
-.OA 

1.06 
. ? 6  

"30 
"28 
.01 

1.11 

-.3? 
.30 

-.40 
.02 

1.08 
. 3 0  

-e36 
"42 
- S O 3  

.94 UB/UINF 

.21 VR/UINF 
-.31 WR/UINF 
-.07 CP 
-.os CPT 

,96 UB/UINF 

- . 3 0  WU/UINF 
.19 VA/UINF 

-.lo CP 
-.04 CPT 

.97 UB/UINF 

.22 Vd/U*NF,' 
-.31 WB/UINF 
-.14 CP 
-.Ob CPT 

.95  IJH/UINF 

-.35 WR/UINF 
. 2 6  VB/UlhF 

-.13 CP 
-.03 CPT 

1.03 UA/UINF 
. 2 6  VB/UINF 

-.34 WH/UINF 
-.26 CP 
-.01 CPT 

. Y 8  , 
UU/U  INF 

-.40 dH/UINF 
.28 VR/UItbF 

-.19 CP 
.03 CPT 

1-08 UH/UINF 
.26 VB/UINF 

"42 WR/UINF 
"42 CP 
-.oo CPT 

TABLE C3.-  Continued 

(dl R = 8. Continued. 



X/D = 15.lH 
Z / D  = 11-98 

R E 8.03 UINF = 39.3 M/SFC 
P H I  = 20.0 DEG 

1.5 

1.0 

.5 

0.0 

-.5 

1 .o 

1.5 

-.49 0.00 .51  .99  1.48  1.98 2.4~  2.~5 3.45  3.94  4.44 

-.14 
1.74 

-. 84 .34 

-.17 

1.00 

.4H 
-.63 
-.39 

-.07 
1.00 

-.67 
.54 

-.37 

1.04 
.05 
.56 

- . 6 6  
-.?4 

1.16 
.04 

-.77 
-51 

-. 16 
1 .02 

.47 

.19 

-.51 
-.19 

1.06 
.15 

-.46 
.45 

-.09 

-.04 

- . oo  
1.02 

-.54 
.45 

"30 

1.02 
* 07 

-.53 
.5h 

-.le 

-.07 
.91 

-. 54 .hO 

-.34 

1.07 
-.02 . b4 
-.64 
-.OH 

1 . O ?  
.17 

-. 59 
. hO 

-.1R 

.Y9 
-.O? 
.56 

- .43 
-.13 

.9n 

.n 1  

.50 

-.lh 
-.39 

-.01 
.93 

-.51 
.43 

-.45 

1.03 
.12 
.54 

-.61 
-.24 

1.04 
.09 

-.bo 
.59 

-.lh 

1.14 
. 0 3  
.59 

-.73 
-.ob 

-.04 
1-13 

-.71 
.5b 

-.11 

1.09 -. 03 
.55 

- . 54  
-.04 

-.07 
1.10 

-.47 
.47 

-.03 

1.05 
.27 

-.46 
.41 

-.16 

.q7 
* 15 
* 45 -. 55 

-.38 

1.13 

-. 75 .45 

- . ? 5  

1.16 
-.01 
.55 

-.70 
-.n5 

-.on 

1.17 . O ?  

-.R1 
e54 

-.75 

1 . O R  
"13 
.5? 

-.4h 
- . oo  

-.1? 
1.1? 

- .52 
.&? 

-.Ob 

1.14 1.12 
.30 .35 

-.h6 "71 
.?l -.07 

-.77 -m32 

1.07 1.23 
. ? h  -26 
.37 .01' 

-.67 -.R4 
"37 "76 

1.33 1.3R 
.30 .18 

-.R7 -1.07 
. 3 h  .OR 

-.lh -.I1 

1.21 1.39 
.l? .13 
.?5 .04 

-.RH - . q R  
-.34 -.01 

-.n? .01 
1.37 1.49 

-.7h -1.73 
.31 .03 

-.os -.ol 

-.13 -.1? 
1.?R 1.37 

.78 . O ?  
-.R7 -.u4 
-.)I .n7 

-.17 -.I7 
1.3h 1.31 

-.El "63 
.34 .04 

1.18 

-.22 
-.71 
-.11 

1.20 
.22 

-.17 
-.a4 
"31 

1.22 

-. 09 .24 

-.a1 
-.25 

.40 

1.43 
.09 

-.17 
-1.05 

.05 

1.36 
.04 

-1.05 
-.15 

-.11 

- . 0 4  
1.47 

-.21 
-1.11 

. l l  

-.18 
1.34 

-.1h 
-.73 

* 13 -.I1 .12 

1.18 
.39 

-.24 
-.71 
-.lo 

1.23 

-.30 
.31 

-.77 -. 06 
1.25 
.76 

-.39 
-.70 
.OY 

1.17 

-.42 
.20 

-.68 
-.09 

1.40 
.02 

-.40 
-.hH 

.?5 

1.39 
-.07 
- . 3b  
-.7H 
.31 

-.l6 
1.32 

-.30 
-.74 
.14 

1.15 
.33 

"40 
-.55 
-04 

1.19 

"40 
-27 

-.68 
" 0 3  

1 .27  . ?O -. 37 
"17 

1.18 

-.43 
.14 

-.79 
-.la 

1.29 
.06 

-.5? 
-.b9 
-24 

1.17 
-.02 
-.51 
-.6H 
- . 0 3  

-.OR 
1.33 

-.44 
-.E1 
.17 

-.Yf 

1.10 
.30 

-.44 
-.54 
"03 

1 .E3 

-.47 
-27 

"65 
.17 

1.30 
.17 

-.46 
-.e2 
-14 

1.22 

-.57 
.ll 

-.72 
.os 

1.25 
.05 

-.53 
-.77 
.09 

1.14 
"03 
"56 
-.44 
.19 

1.19 
-.os 
- .53 
-a61 
.10 

1-03 IUB/UINF 
a26 'Vb/UINF 

-.47 'W B / U I N F  

-.02 CPT 

I. 1 0  'UH/UINF 
- 3 7 1  cp 

-26 VB/UINF 
-a51 YB/UIhF 
-.44 CP 
.lo ' CPT 

1.11 UB/UINF 

"57 YB/UINF 
- 2 0  Vt(/UIF:F 

-.4Y CP 
.ll CPT 

1.11 UEI/UINF 
.lo VBIUINF 

-.56 ~YB/UIhF 
-.45 CP 

.ll CPT 

1.11 UR/UINF 

"58 Wb/UINF 
.07  VB/lIINF 

-.54 CP 
.03 CPT 

"05 VB/UINF 
1.13 UB/UINF 

-.59 WR/UINF 
-.58 CP 
.05 CPT 

1-10 UB/UINF 
" 0 9  VH/UINF 
-.56 WB/UINF 
-.54 CP 

. o o  CPT . .  

TABLE C3.-  Continued 

(d) R = 8. Continued. 

W 
A 

A 



X/D = 35.00 
Z / D  = 18.00 

F( A.04 U I N F  = 3H.7 W/StC 
PHI = 14.9 D E b  

Y B / D  
"49 0.00 .50  .99  1.47  1.97  2.4h  2.94 

E/D 

1.5 

1.0 

.5 

0.0 

-.5 

-1.0 

-1.5 

-.07 
1.03 

"17 
.04 

-. 09 
1.07 
-.03 
.13 

- . 2 3  
"05 

-.1? 
1.04 

-. 14 .19 

-.u1 

-.07 
1.05 

.15 
-.24 -. 1 1  

-.Ol 
1.02 

"17 
.26 

-.06 

-.04 
1.02 

.26 
-.21 
-.lo 

-.01 
1.05 

-.21 
.30 

.oo  

-. 05 1.07 

"25 
.09 

-.lo 

1.05 
- e 0 7  
.14 

-.?O 
-.09 

"03 
1.03 

-.19 
.1q 

-.lo 

1.05 
-.02 
.29 

-.?2 
"03 

-.02 
1.06 

-.?? 
- 3 2  

.01 

-.01 
1.04 

.29 
-.20 
"03 

1.05 
.01 

-.22 
.31 

-.O? 

1.07 
.oo 

-.EO 
.09 

"05 

1.01 
.05 
.14 

-.lb -. 12 
1.01 
.04 

-.20 
.19 

"13 

1.08 
.02 
.20 

"31 
-.11 

1 .Oh 
.03 

-.26 
.27 

-.Ob 

1.11 
.01 
.33 

-.33 
.03 

1.05 
.07 

-.20 
-27 

-.02 

1.04 
.l l  

-.21 
.06 

-.12 

1.10 

.07 
" 3 2  
- .oq  

.99 

.op 

-.1H 
.20 

-.l4 

1.10 
.OY 
.19 

-.31 
-.05 

1.05 
.Oh 

-.24 
.2? 

-.OP 

1.06 
.os . ?H 

- .?H 
-.07 

-. 05 1.02 

-.20 
.21 

-.07 

.n7 

1.06 
.16 

-.?7 
. 0 3  

-.12 

1.06 
.12 

- .?? 
-.07 

1.07 
.15 

-.?5 
.10 

- .nc 

.or 

1.17 
.10 
.16 

-.37 
-.OR 

1.09 
.10 

-.?1 
.13 

.oo 

1.01 
.oq 
.17 

-.?5 
-.19 

-.04 

-.30 
.17 

-.06 

1 . nq  

1 .on 
.lR 

"14 
.(I1 

-.lo 

1.03 
.14 
.03 

- . 25  
-.16 

1.06 
.17 

-.19 
. o o  

-.O? 

1.10 
.15 
.13 

-.35 
-.lo 

1.07 
.15 

- . 3 0  
.05 

-.1? 

1 .OR 

.n3 

. n R  
-.n4 
-.?1 

1.12 
.04 

-.41 
.15 

-.13 

1.05 
.21 

-.04 
- . E 7  
-.12 

1.05 

-.05 
.21 

-.26 
-.lo 

1.11 

-. O? .18 

-. 36 
-.09 

1.16 
.15 
.03 

-.46 
-.09 

1 .O? 
.12 
.oo 

-.27 
-.21 

1.11 
.15 

- . 3 3  
.08 

-.Ob 

1.15 
.07 
-06 

- . 38  
-.05 

1.01 Un/UlI\.F 
.?6 

LPl -.01 
CP -.13 

Wn/UlI\ .F -.lb 
V H / U I I ~ F  

1.06 Uh/UlhF 
.?O V'i/UlhF 

-.07 
-.?S 

WH/UIIUF 

CPT -.Oh 
CP 

1.05 UY/UlrUF 
.23 . V n / U I h F ~  

-.08 W H / U l I \ . F  

-.14 CPT 

1.07 UH/UINF 

-.13 de/UlhF 
.23  vn/CllhF 

-.?9 CP 
-.Ob CPT 

1.03 UB/UlkF 
.17 Vr/UlhF 

"02 WH/UlhlF 
-.32 CP 
- .23 CI'T 

-.29 1 CP 

1.11 UH/UlNF 
.07 VH/UIhF 

- . o?  Wn/UlruF 
-.39 CP 
-.15 CPT 

1.11 Un/UlhF 

-.07 W*/bINF 
.07 Vn/UIKF 

-.37 LP 
"12 CPT 

TABLE C3.- Continued 

(d) R = 8. Continued. 



X / D  = 45.00 
Z / D  = 19.50 

R 8.03 UINF = 39.2 
P H I  = 10.7 

1.5 

1.0 

.5 

0.0 

-.5 

.1.0 

. l e 5  

-.lo 
1.04 

"15 
0 9  

-e05 

1.01 
-.08 

. O R  
"07 
-a03 

-.lo 
.98 

1 6  
"09 
-.09 

1.05 
- .08 

- 2 4  
"17 

.01 

-.lo 
1.01 

-. 1 4  
2 6  

"03 

1.00 
"09 

.29 
-.15 
"05 

1.00 
.01 

-.22 
.22 

-. 1 6  

"06 
1.01 

"14 
.I1 

-.lo 

.99 
- . O B  

.19 
-.11 
-.OB 

"09 
.99 

"13 
.18 

- . l o  

.98 
-e05 

.27 

-a09  
-.12 

-a04 
1.06 

-.19 
. ?6 

.oo 

1 .oo 
"04 

Q 30  
"07 

03  

-.01 
1 a04 

.28 

-.02 
- * l a  

-.01 
1.06 

-.18 
.12 

-.04 

.9R 
-.01 

.13 
- . I 6  
-a17 

-.01 
.99 

.22 
"15 
-.12 

1 .Or 
- . 0 3  
.?8 

"15 
.01 

-.02 
1.05 

-.18 
.2R 

. o o  

1.02 
.01 
.29 

-.18 
-.04 

-.03 
1.04 

-a13 
.27 

.03 

-. 02 
1.02 

-,lo 
.07 

-.06 

1.10 
.03 
.22 

-.30 
-.a4 

1.00 
.01 

-. I1 
.23 

-.05 

1.03 
.02 
.20 

-. 09 -.21 

1.OR 
-.01 

-.21 
.27 

.05 

1.00 
.05 
.29 

-.11 
-.01 

-.06 
1.10 

"19 
. 3 0  

.ll 

1.05 UM/UINF 
.Oh VB/UINF 
- 1 4  WB/UINF 

-.1R CP 
"04 CPT 

1 - 1 1  Utl /UINF 
.Oh VB/UlNF 
.13 Wb/UINF 

-.?h CP 
. o o  CPT 

-9P  Ub/UINF 

- 2 1  WB/UINF 
~1'0 V b / l l l h F  

- e 1 1  CPT 
- . I 2  CP 

-99  UB/UINF 
.O? VH/UINF 
- 7 1  Wb/UlNF 

- . I 3  CPT 
-.17 CP 

1 S O ?  Utl/UINF 
a 0 3  Vtl/UlNF 
. ? b  Wt+/UIYF 

- . I ?  CP 
-.01 cpr 

.qcJ UM/UINF 

.?5 WM/UINF 

.n? VWUINF 

- . I ?  

c p  -.17 
CPT -.03 

Wb/llINF .23 

UM/UINF 1.04 
VB/UINF -.07 

CPT -.09 
CP 

X / D  = 14.00 R = R . 0 6  UINF = 19.8 M/SEC 
Z / D  = 15.30 P H I  20.0 DEG 

-.51 -.01  .49  e99  1.49 1.Y8 2.48 

1.5 

1.0 

.5 

0 . 0  

-.5 

- 1  .o 

-.os 
.93 

"14 
-.12 
- . ? 3  

1 .OR 
.02 

-.11 
-.I9 
-.n2 

-.11 
1.03 

-.OH 

- . I5  
-.?4 

1.09 
-.04 

.02 

-.I7 
-.36 

-.07 
1.09 

-.41 
- . ? O  

-.07 
1.00 

' . 1 R  
-.33 
-.?9 

-.lo 
1.09 

-.44 
.IO 

-.?2 

.n7 

- 9 6  
.02 

-.18 
-.07 
-.11 

1.11 

"06 
.04 

- . E ?  
. 01  

1.07 
. 0 1  

"05 

- . O b  
- .?3  

1.15 
-.oo 
" 0 3  
- . 3 ?  
-.oo 

- . a 0  
.95 

-.29 
. o o  

- . 3 8  

1.01 

.ll 

.03 

-. 34 
-.30 

-.14 
. R O  

-.19 
- 2 7  

"46 

1.03 
.07 

-.1Y 
-.07 

.no 

1.08 
. I1 

-.OR -. 1 2  . nn 

1.12 
.04 

-.13 
"27 

.01 

1.17 

-.Ob 
.05 

- .?3  
. I 5  

1 - 0 6  
.04 

-.04 
.06 

.IO 

1 .Ob 
.07 
. O ?  

-.32 
-.19 

.77 

.13 

-.19 
.19 

-.55 

1.14 
.Ob 

-.14 
-.?4 

,139 

1 .Ob 
. l h  

-.11 
-.I7 

.no 

1 . ? I  
.ll 

-.lo 
-.?7 

.? 1 

l.lh 
.12 

-.40 
-.03 

.99 

. l o  

"31  
.OH 

"31  

1.09 
.1P 
.01 

- .3h 
-.15 

1.11 
. I 8  

"46 
.14 

- . I 6  

.n? 

1.12 

-.1? 
. I 1  

- . ? O  . nr 

1 . O P  
.OH 

-.07 
-.PO 
-.n2 

1.14 
.17 

-.ne 
-.?R 

.Oh 

1.10 
.12 

"76 
-.n3 

-. 0 4  

1.05 
.19 

-.?9 
. O ?  

- . I4  

1.06 

-.lo 
. ?4 

-.34 
-.15 

.99 

.?7 

.07 

-.39 
-.44 

.93 

.14 

-.02 
-.?2 

-.09 

1.07 
.18 

-.11 
-.21 
-.03 

1.05 
.19 

- . 0 8  

-.05 
- . ? O  

1.16 

"07 
.23 

"31  
.OH 

1.13 
.23 

-.on 
- . 3 3  
-.oo 

1. lH 
.14 
.05 

"61 
-.20 

.99 

.?4 

-.35 
.on 

-.31 

.95 UB/UINF 

-.22 WB/UlNF 
.20 VB/UItiF 

-.04 CP 
"04 CPT 

1.03 Uti/UINF 
.15 VB/UIbF 

-.18 Wtl/UINF 
- . O Y  CP 

. 0 3  CPT 

1.06 UB/UlNF 
.18 VB/UIIUF 

-.15 WNIUINF 

"10 CPT 
-.27 CP 

1.03 UB/UINF 

"16 WB/UINF 
.21 VB/UINF 

-.23 CP 
- . l o  CP7 

1.06 UR/UINF 
.27 VB/UINF 

- . I7  YB/UINF 

.02 CPT 

1.07 Ub/UINF 

-.17 , r iB /UINF 
.2H VB/UlNF 

-.40 CP 
-.15 CPT 

1.21  UB/UINF 
. 3 3  VB/UINF 

-.1b MB/UINF 
-.44 CP 

.16 CPT 

-,21 CP 

* w w 
M 
2 
U 
H x 
c3 

TABLE C3.- Continued 

(dl R = 8. Concluded. 

W 
w 



X / D  = 2.00 
Z / D  = 6.00 

R = 10.02 U I N F  = 24.6 H/SEC 
PHI = 52.0 DEG 

h Y e / D l  1 
I A I  0.00 -50 .76 1-02 1.27  1.52  1.77  2.03  2.53 

I I 4.53 
.05 

1.5 
-8.32 
1.44 

13.98 

7.62 

1.0 
.I3 
.79 

' -6.17 
.42 

1.37 -. 1 1  

i - 4 . 5 0  
-2.44 

.5 1.08 

1 .97 
I -.33 

0.0 , 1.53 
1-3.49 
! -1 .OR 

1 .77 
I , -.45 
1 -.5 1.34 

I '-1.59 
! .n3 

' .87 
-.07 

I 

I 
1-1.0 , .73 

-1.23 - .94 

4.88 4.50 
.57 .65 

-9.50 -8.67 
1.33 1.32 

16.26 13.44 

3.00 4.29 
-46 .59 
.75 .78 

-6.46 -8.38 
2.47 10.45, 

1.71 2.87 
.34 .31 

-4.91 -6.76 
-1.76 1.01 

2.03 2.07 
-.45 -.37 
1.07 .60 

-6.06 - 6 . O R  
-1.55 -2.27 

1.37 1.81 
"96 -1.14 

-3.56 -3.76 
.97 .78 

-.94 .45 

-86 1.11 
-.74 -.82 

- 6 6  -61 
"60 -1.14 
.13 .14 

1.04 .57  

3.79 3.1P 
.89 .9P 

-7.07 -7.12 
.P7 .40 

8.21 3.29 

3.R7 3.79 
.74 .P7 
.76 .54 

-7.12 -7.32 
8.37 7.46 

3.37 3.23 
-51 .6H 

-7.08 -h.SP 
.27 .01 

3.77 3.50 

2.77 2 . 6 2  
-.26 .1s 
.IO - . 4 0  

-5.75 -6.27 
1.10 .94 

"87 - . 5 R  
2.17 2.06 

-5.62 -5.22 
.04 -.32 

-1.34 -1.41 

-.87 - . R 7  
1.39 1.45 

n o t )  -.27 
-2.11 -2.32 
-.39 - . 37  

1.Rl 

-.la 
-4.10 
-.76 

2.95 
1.09 
.33 

-6.10 
3.06 

3.23 

-.I1 
.81 

-6.42 
3.87 

3.01 
15 

-.45 
-7.05 
1.35 

2.10 
-.46 

-5.11 
-.74 

-.RR 

-.91 
1.49 

"61 
-2.29 

.13 

1 .n2 
1.28 
.79 

-3.73 
-.58 

-2.12 

1.81 

"31 
.98 

-4.52 
-1.15 

2.15 

-.63 
.94 

-4.70 
.25 

2.73 
.35 

-.54 
-6.80 

.14 

2.25 
-.45 

-5.08 
-.e9 

-03 

-.a5 
1.29 

" 6 6  
-2.36 

-.53 

. 7 7  

-1.02 
-1.87 

- . b o  

1.24 
.11 

-4.06 
-.73 

-2.48 

1.69 
.72 

-1.12 
-4.16 
-.50 

1 .RO 
.09 

-.99 
-4.79 
-1.25 

1.37 
- . 33  
-1.19 
-3.27 
-.a5 

- . e 4  
.98 

-.92 
-1.52 
-.OD 

.no 
-51 
.39 

-1.09 
- .Y1 
"30 

.58 

-1.21 
-29 

-1.57 - .68 
.91 
-36 

-1.46 
-1.92 

~ 1 7  

1 .os 

-1.21 
.08 

-2.68 
-1.23 

-.55 
.E7 

-1.22 
-1.80 

- . 2 3  

- 7 6  
"62 

-1 16 
-1.07 

-24 

U B / U l k F  
Vt l /U INF  
WB/UINF -, Ut l /U INF  
V M / U I k F  
WB/UINF 

UB/UI lrF 
V B / U l k F  
w e / U I N F  

CPT 

U B / U I N F  

Wtl/UINF 
CP 
CPT 

U R / U I k F  
V t l / U l k F  
WB/UINF 

CP 
CPT 

U H / U I N F  
V B / U l k F  
W@/UINF 1 

CP 
CPT 

U B / U I N F  
V d / U I N F  
WB/UINF 1 

CP 
CPT 

vn /u l luF  

I 

TABLE C3.- Continued 

(e>  R = 10. 



X / D  = 1.82 R = 10.06  UINF = 24.6 H/SEC 
Z / D  = 7.70 P H I  = 52.0 DEG 

I 

1.5 

1.0 

.5 

0.0 

-.5 

1.0 

,1.5 

-2.Ph -1.22 
.90 .88 

3.39 1.93 

3.56 3 . 3 0  
.12 .s9 

-3 .R2  - 3 . 8 0  
1.17 e96 

9.50 7.54 

-2.02  -1.50 
.36 .E9 

-.55 -.62 

3.08 2.67 
.71 .R3 
.86 .41 

-3.21 -3.63 
6.70 3.41 

-1.39 
-.11 

-1.09 

1 .R3 
1.04 

- 2 3  
-7.75 

.78 

-.5H -.91 - .70 
"62 "11  -.60 
-.36 - 1 0  -.56 

1.31 .88 .76 
.95 1.11 .66 

.2.22 -1.29 -1.BR 
" 2 1  "39 -.5R 

"56 "13 -1.52 

.57  Utl/UINF 

. 3 3  VB/UINF 
"92 
"92 
"63 

3.35 3.49 3.68 3.5Y 2.98 2.50 1.78 1.13 .96 
.10 e45 .6H .87 .PR 1.06 .H1 . 8 3  -40 

-4.66 -3.97 -5.58 -5.75 -4.78 -3.33 -3.83 -2.79 -2.37 
a84 - 8 8  .70 .4Y .3R .12 -.11 -.53 "92 

6.45 8 - 4 1  8.19 7.40 4.15 3.13 -.96 -1.54 -1.38 

1.90 2.63 2.76  3.50 3.11 2.97  1.97 2.01 

-3.54  -4.53  -4.49  -5.5H  -4.92  -5.15 -3.82 -4.39 
- 7 0  .50 e46  .39 .30 .10 -.03 -.62 

-e36  1.97  2.84  6.64 4.h3 3.75 -.06 -.44 

"13 - 3 3  .50 - 7 0  .5R .70  1.32  .h9 
1.51  1.49 2.25 2.60 2.90 2.89 1.77  2.37 

.21 .54 .h3  .75 .78 .98 .92 .71 

.99 .go .57  .17 .02 -.?9  -.31 -.50 
-3.28 -3.49 -4.26 -4.98 -5.42 -5.60 -3.23 -5.04 
"'49 -1.31 .39 1.34 2.43 2.46 .77 .36 

1.36 1.53 2.24 2.52 1.91 2.54 2.38 1.68 
-a07 "40 -.24 .OH .32 .32 .56 .60 

-3.27 -3.77 -4.50 -4.49 -3.95 -5.%0 -4.35 -3.45 
1.20 - 9 7  .31 .13 - . O ?  -.43 -.67 -1.05 

-.96 -1.30 " 3 0  .94 -1.17 .60 1.11 -.I2 

- . 3 0  "92 -.71 "43  -.34 -.08 -.19 .27 
1.10 1.3R 2-03 i1.10 ?.57 1.92 1.78 1.18 

-2.17 - 1 . 5 0  -4.12 -4.19 -5.39 -4.23 -3.98 -1.92 
1.19 - 6 6  -50 - 3 4  -.36 -.60 -.86 -1.46 

-e43 "30 -.21 -.45 .53 -1.16 -1.01 - 6 9  

.94 
46 

-1.13 

-1.17 
-2.51 

1.25 

-1.20 
.33 

-3.54 
-1.43 

.94 

-1.26 
-.02 

-3.01 
-1.51 

1.09 

-1.42 
-. 06 

-2.36 
-.13 - 

WB/UINF 
CP 
CPT 

UR/UINF 
VH/UINF 
wH/UINF 

CP 
C P T  

UR/UINF 
Vh/UIFtF 
dH/UINF 

CP 
CPT 

UR/UINF 
VB/UINF 
WH/UINF 

CP 
CPT 

UH/UIkF 
VH/UINF 
UB/UINF 

CP 
CPT 

UH/UlNF 
VB/UINF 
UB/UINF 

CP 
CPT 

TABLE C3. - Continued 

( e>  R = 10. Continued. 



X/D 2.03 
Z / @  = 6.00 

R = 10.0.1 UINF = 317.8 ~ / S E C  
PHI  = 51.9 DEG 

K l  0 .00  -51  .75  1.01  1.76  1.52  1.77  2.01 2.52 

1.5 

1.0 

.5 

0.0 

-.5 

I 

-1.0 

-1 - 5  

4.58 
.12 

-8.84 
1.30 

14.07 

2.30 
.ll 
.76 

-5.53 
-.SA 

1.03 
-.25 

-3.52 
1.33 

-1.60 

. A? 
-.31 
1.63 

'-3.30 
- . 8 5  

76  
-,24 

-2.09 
1.45 

" 3 2  

.b7 
- 0 9  
.94 

-.a7 
-.53 

- 0 7  
- 0 9  
- 4 0  

- . 55  
-.47 

4.52 
.4R 

-8.08 
1.29 

14.37 

3.60 
.36 
.70 

-7.06 
5.97 

1.93 
.15 

-5.53 
.87 

-1  e97 

1 .A7 
-.48 
1.27 

-5.31 
" 9 1  

1.36 
-.74 

-3.25 
1.72 

"32  

.84 
-e76  

.81 
-.76 

.18 

-.43 
.82 

.24 

-.34 
-.25 

4.39 
.67 

-7.40 
1.21 

13.79 

3.54 
.52 
.75 

-7.78 
5.49 

2.28 
.40 

- 6 . 0 7  
.65 

-1.21 

2.38 
-.78 

.76 
-5.40 

-04 

-1.01 
2.03 

-4.36 
.66 

.29 

-.90 
1.24 

.53 
-1 - 5 1  
.ll 

-.52 
.90 

.21 

-.18 
-.31 

3.97 
.87 

-7.34 
.e4 

9.56 

3.82 
.84 
,539 

-6.63 
8.55 

3.25 
.53 

-6.26 
.72  

3.87 

2.72 
-.15 

.39 
-6.76 

- 4 6  

-.I37 
2.41 

-5.12 
.25 

.53 

-.95 
1.29 

38  
-1.91 

"19 

-.70 
.94 

-.34 
. O A  

- 0 4  

?.P7  
.90 
.40 

-5.32 
2.80 

3.61 
.91 
.34 

-6.63 
6.76 

3.32 
.59 

-6.96 
.09 

7.6R 

3.16 
.?4 

-.25 
-6.77 

3.07 

7.42 
-.hl 

-4.96 
-.25 

- 4 1  

-.A9 
1.47 

"76  
-2.74 

-.70 

-.7R 
. R7 

-.24 

-.14 
-.56 

2.03 
. 9 0  

- . l e  
-4  .h9 

-.6R 

3.15 
.91 
.22 

-5.82 
4.27 

3.06 

-.23 
- 7 2  

-6.06 
3 . O R  

7 .87  
.32 

-.45 
-6.11 

1.60 

-. 36 
2.21 

-5.22 
- .6O 

-.7A 

- .85 1.50 

-.55 
-2.91 

" 6 1  

-.86 
.99 

-.45 
-.81 

.13 

.94 

.95 -. 75 
-2.25 

-.90 

2.24 
.7A 

-5.51 
- . 2 1  

-.75 

2.59 

-.60 
.58 

-6.21 
.32 

2.41 
.22 

-6.14 
-.75 

- . 3 3  

"23  
1.72 

-1.01 
-4.46 
- 1  - 3 8  

1.48 
-.61 
-.75 

-3.14 
-1 . o o  

-.71 
.R7 

-.77 
-.76 
.03 

.94 

.69 

-2.55 
-.83 

-1.48 

1.4R 
.79 

-3.91 
-.74 

-1.53 

1.99 
.4b 

- . A 1  
-4.98 
-1.10 

1 . Y 1  

-1.03 
.77 

-4.90 
-1.07 

1.48 
-.27 

-1.12 
-3.86 
-1.30 

.97 

-1.10 
-e63  

-1.98 
-.41 

. Y  3 
-.68 

-1 .oo 
-.73 

-.12 

a55  Vb/UIhF 
.32 

bU/UINF -1.06 
VH/UlhF 

- 1 . 2 A  CP 
- . r3  CPT 

- 6 1  

-1.26 

Ub/UlluF 

-1.25 

VB/UINF . 4 A  
Wh/UlNF 

CPT "05  
C P  

1.05 
a19 

Ub/UINF 

Wki/UlNF -1.17 
VR/UlhF 

-3.00 
CPT -1.49 
CP 

- 9 9  

-1.36  wk/UIluF 

I Jh /U lhF  

-2.55 CP 

-10  Vt l /UINF 

-.70 CPT 

-e37  Vh/UINF 
- 9 6  Uh/UINF 

-1.76 WH/UINF 
-2.?6 CP 

-.59 CPT 

e79 Ub/UINF 
"58  VH/UIhF 

-1  1 0  bB/UINF 
-1.44 CP 

-.2R CPT 

"57  VH/UINF 
-82   IJb /U lNF 

" 9 1  WB/UINF 

-.02 CPT 
-.85 CP 

- ~~ ~ 
~ 

TABLE C 3 .  - Continued 

( e )  R = 10. Continued. 



XI0  = 2.01 
240  = 7.75 

R = 10.04 

0.00 .51   -75  

I 

I 
i 

i 1.5 

' 1.0 

.5 

0.0 

-.5 

1.0 

1.5 

L 

2.97 
- 1 7  

-3.27 
.93 

5.63 

3.61 
- 0 4  
.99 

-4.04 
9.39 

2.64 
"06 

-3.72 
- 6 5  

2.80 

1.67 
.Ol 
.75 

-3.29 

2.35 
.57 

-2.50 
- 6 8  

2.90 

3.38 
.58 
.86 

-3.62 
R.23 

3.56 
.48 

-5.10 
- 6 1  

7.55 

2.21 
.39 

- 4 . 0 3  
.54 

2.11  UH/UINF 

.45  wB/UlNF 
,73  VB/UlNF 

-2.76 cp 
1.52 CPT 

3.10 UH/UlNF 
.71 VBIUINF 
.67  YB/UlNF 

6.13 CPT , 
3.22  UB/UINF 

.73 VB/UlNF 

.61 YB/UlNF 

-3.68 CP 

-4.09 CP 
6.50 CPT 

2.74 UH/UlNF 
.59 
.35 

VH/UINF 
WB/UINF 

-4.96 CP 
-.93 - 3 4  2.17 

VS/UlNF -.09 .12 .38 

CPT 

1.19 2.01  2.21 UB/UINF 

1.25 .82  .57 WB/UIhF 

"94  -.26  .29 

UB/UlNF 1.02  2.17  2.55 

CPT 

-a27  -e13  "12 Vb/UINF 
1.33 .85  .44 wB/U/NF 

-2.94  -4.05  -4.12 CP 

-2.46  -4.51  -5.32 CP 
"56 -02 .52 

WB/UIkF 1.22 -80 - 6 1  

UB/UiNF 1.10 1.64  7.23 

CPT 

- 0 6   - e 6 7  -.50 VB/UlNF 

-2.33  -3.17  -3.68 CP . 
"60 -.37 .99 CPT 

0 . 0  

-.5 

-1.0 

-1.5 

- 
TABLE C3.- Concluded 

(e )  R = 10. Concluded. 



X/D 4.00 
Z / D  1.75 

R = 3.98 UI N F  = 39.6 W S E C  
PHI = .8 DEG 

-2.52  -1.02 "50 0.00 .52  1.01  1.52  2.02  2.53 

1.22  1.08 UB/UINF 
- n k  .02 VBIUINF 

1.5 

1.0 

.5 

0.0 

-.5 

11 

-1.0 

-1.5 

1.06 
.06 

-.24 
-.18 
.01 

1.07 
.15 

-.20 
-.24 
"04 

1.05 
.21 

"16 , -.19 
-.01 

1 .OS 
-23 

"09 
-.17 
-.01 

1.00 

-. 05 .22 

-.06 
-.01 

' 1.03 
.19 

"03 
-.12 
-.01 

.97 

-.01 
.20 

" 0 3  
-.04 

. R 2  

.12 

.28 
-.78 

-1.02 

.93 
-24 
.33 

- .a7  
-.e4 

.95 

.37 

-.54 
.33 

-.37 

-90 
. 43  
~ 2 3  

"31 
-.26 

-96 
-32 

-.20 
-16 

"14 

. v5 

.25 

.04 
-.21 
-.24 

-91 
.20 

-.04 
"26 
-.38 

.37 - 3 0  

.19 .13 

.54 .62 
"62 "76 

-1.16 -1.27 

.56 .3n 

.22 .09 

"90 -.61 
-54 .72 

-1.25 - 1 . 0 0  

.74 . 4 0  

.20 .07 

.46 .65 

-1.01 -.99 
"81 - .SA 

.75 .41 
- 3 6  -05 

-.48 -.49 
.39 .61 

-e63 -.95 

.64 .55 
-26 .01 
. 2 7  .37 

-.46 - .Sa  
-.91 -1.14 

.71 .41 
-16 .05 

- . 3 4  -.57 
.22 .09 

-e76 -1.39 

-65 .39 

-.04 -07 
.16 . 0 7  

-.47 -.55 
-1.02 -1.3Y 

"13 
.35 

.59 
-.65 

-1.lh 

. so  
-.lo 

. *8  
-1.00 
-1.51 

-63 
-.15 

-.e7 
.51 

-1.19 

-62 
-.33 
.49 

- . 4 A  
-.74 

-.16 
,75 

-.55 
.27 

-.9? 

-90 
-.11 
.ll 

-.54 
-.70 

-. 15 .79 

-.12 
-.46 ". 79 

.hO 
-.06 

-.96 
.1A 

-1.57 

-.?2 
.75 

.39 

-1.06 
- . R 3  

"29 
.R8 

-.71 
.31 

-.75 

.90 
"31 
.29 

-.35 
-.36 

- . ? A  
.89 

- . ? O  
.18 

-.29 

.93 
-.28 
.05 

-.20 
"26 

" 1 7  
.91 

"23 
. 0 1  

-.37 

-.02 
1.10 

-.E6 
.09 

-.63 

1.04 
-.14 
.06 

-.a2 
"71 

- . 31  
1.01 

-.59 
.03 

-. 47 
1 .05 
-.35 

. 0 3  
-.3h 
"14 

-.35 
1.01 

-.16 
-.01 

1.05 
-.25 
.04 

-.15 
.02 

-.22 
.94 

-.oo 
-.13 
-.19 

.oh 

"05 "26 

CrJT -.14 -.03 
CP -.64 -.27 

WR/UINF 

"09 "11 VB/UINF 
1.11 1.11 UR/UINF 

"11 -e23 WB/UINF 
-.59  -.28 CP 
- . 3 3  .O2 CPT 

1.13  1.09 UH/bINF 
-.2* - . ? O  VR/UINF 
-.I5  "19 CB/UINF 

."- 

-.42 
-.Ob 

"29 
1.06 

-.11 
-.22 
.01 

1 .os 
"27 
-.Ob 
"14 
.03 

-.E4 
.58 

-132 
-.n7 
-.n5 

1.01 
"19 
-05 

"16 
" 1 1  

-.24  CP 
.04 

VB/UINF "23 

CPT 

WH/UINF "12 

UB/UINF 1.09 

"27 CP 
- 0 5  CPT 

1.06 
VB/UINF "22 
UR/UINF 

-.04 WB/UINF 
-.13 c p  

.Ob CPT 

- e 2 0  
UB/UINF 1-00 
VB/UINF 

-.on WBIUINF 
-.Oh 

CPT -.01 
c p  

1.02 

WB/UINF - e o 1  

U R/UINF 
-a16 

CP -.11 

V ~ / U I N F  

-.04 CPT 



X/D = 6.00 P = 3.Y9 U I N F  = 38.9 H/SEC V I k F  = . 1 0 2 E + 0 6  E(/M**2 
Z / D  = 1.15 P H I  = . 7  DEG 0 = .955€*03 F(/M**2 

.7R 

.19 
1.5 .2A 

' -.57 
-.2Y 

1.09 

1.0 , .20 
If .21 

-.44 -. 15 
.94 

.5 .19 
- 2 5  

- . 2 3  
-.2h 

.95 

0 . 0  .14  
.25 

- . l H  
-.1R 

. Y l  

"29 

. q* 

-1.0 . 0 3  
.16 

"14 
"23 

.95 

.ll 

.hl 
25 

- .?3  
.4h 

-.59 

.22 

. H4 

.34 
-.45 
-.5R 

.85 

.22 

-.3h 
-29 

"50 

.91 

.17 

.?4 

"36 
-.27 

.YO 

.15 

-. 33 .10 

-.47 

.94 

. 1 3  

- . 3 3  
-.42 

.85 

.ll 

"27 
.01 

- .53 

.n1 

.hl .bR 

.Ob " 0 7  

-.54 -.57 
.44 .45 

-,91 - . Y O  

.I7 -.01 

.63 .64 

.45 .31 
-.44 -.5h 
-.82 -1.06 

.64 .71 

.09 -.I2 

-.50 -,45 
.33 .2P 

-.97 - . R 5  

.5b -63 

.29 .14 

-.98 -1.01 
-.39  -.43 

.ob -.nq 

.h6 .59 

.08 -.1z 

-.45 "37 
.10 .21 

-.99 -.97 

. 7 7  .74 

.12 .Oh 

. 0 3  - . 0 7  

-.49 -.35 
-.a0 - .72 

.73 .h4 

-.01 -.on 
. O Y  -.01 

-.40 -.35 
- .Rb -.94 

-.lo 
w!j/UINF .35 

Uh/UINF .71 
VH/UINF 

-.47 cp 
- . h 3  CPT 

.77 

wR/UINF .37 
VB/UIhF -. 17 UAIUINF 

-.39 c p  
-.hZ CPT 

"20 
k! j /UINF .?5 

UH/UINF .91 
V@/UINF 

-.39 
-.47 

CP 
CPT 

-.I3 
. 9 3  

VH/UINF 

- . 32  
WH/UINF .17 

UH/UINF 

CP 
-.40 w r  
.92 

wB/UINF .09 
VB/UlNF  - .15  
UB/UI#F  

-.17 CP 
- . 3 0  CPT 

-.08 
.94 

VB/UINb 
UB/UINF 

. O ?  WH/UINF 
-.27 CP 
-.3H CPT 

.Rh 

CP -.73 
WB/UINF - . O b  
Vd/UINF "11 
UB/UINF 

CPT - . 4 R  

%= 
V 
V 

M 
2 
t3 
x H 

0 

TABLE C4. - Continued 
(a) R = 4. Continued. 



X / D  = 8.00 
Z/D = 1.75  

R = 3.Y9 
PHI = .7 D E G  
UINF = 3R.9 M/SEC 

0 

.4 

.o 

-.5 

-1.0 

-1.5 

3.00 -2.50  -1.00 -.5n 0.00 .50 1.00  1.50 2 . 0 0  2.50 3.00 

.Y8 

.14 
-.I2 
-.01 
-.01 

1.01 
.12 

-.09 
-.06 
-.01 

1.00 
. I 3  

"05 
-.03 
-.oo 

1 . o o  

-.03 
-14 

-.03 
.oo 

1.00 
.ll 

-.01 
-.O? 
-.DO 

1.00 
.13 
. o o  

.01 

.94 

.09 

.01 

. 02  

-.n7 

- . O R  

1 . o o  
.18 

-.12 
-.07 
-.02 

1.01 

-.07 
.16 

-.OY 
-.04 

1 . o o  
.I7 

-.04 
-.Ob 
-.02 

. YB 
-.01 
.15 

-.01 

1.00 
.15 

-.01 
-.04 
-.O? 

.99 

-.oo 
.14 

-.fl? 
-.01 

.YS 

.11 

"04 
. o o  

-e13 

-.nl 

.9H 

.20 

.22 

- . 25  
-.31 

.91 

.16 

.17 

-.23 
-.35 

.I6 

.95 

-.27 
.Oh 

- . 3 4  

.9Y . l? 

.04 
-.24 
-.2n 

.98 

.13 

-.19 
.os 

-.21 

.NO 

-.01 
.14 

-. 08 
-.42 

. Y O  

.11 
-.04 
-.19 
-.37 

. R O  
-16 

-.39 
-26 

"66 

-86 
.15 
.I5 

-.45 
-.67 

.93 

.12 

-.3h 
. l l  

-.47 

.77 

.ll 

.1R 
"29 
"64 

. l P  

.Oh 

-.?8 
.Ob 

-.6h 

.91 

.Oh 
* Q2 

- . Z A  -. 45 
. R l  
.I4 

-.03 
"30 - .5? 

.71  

.07  

-.37 
.31 

"76 

-7 1 

.26 
-.34 
-.78 

- 0 3  
.77 

-.49 
.ll 

-.R9 

.75 

.05 

.09 
- .3P 

.n3 

-.Po 

. P4 

.05 

-.34 
.OP 

- .hZ 

. R ?  

.O? 

-.34 
-.h7 

.7h 

.02 
-604 
-.31 
-.72 

-.02 

-60 
-.11 
.35 

"19 
-.70 

-a03 

-.40 
.TO 

-.75 

.87 
-.01 
.12 

-.43 
-.6h 

-.04 
.70 

-.29 
.17 

-.77 

. R5 

. o o  

.Ob 
-.?7 
-.54 

. 4 R  

-.32 
.oo 

-.54 

.74 
-.01 
-.04 
-.26 
-.71 

.7a 

- . 0 3  

-.14 
,80 

-.24 
" 5 2  

.B5 
"13 

. I 8  
-.31 
-.53 

-. 17 .81 

-.15 
-16 

- . 4 3  

. B 1  
-.Ol 
.12 

-.21 
-.53 

-.08 
.8Y 

-.20 
.OS 

-.39 

.86 

.24 

-.07 
-.07 
-.21 
-.46 

-.os 
.83 

"03 
-.17 
-.48 

-.l6 
.86 

.16 

-.39 
-.18 

.Y7 
"16 
.I4 

-.20 
-.20 

"16 
1.01 

-.lb 
.10 

-.lo 

.Y6 
- . l o  
.06 

-.21 
-.15 

" 0 9  
.96 

-.lo 
.01 

-. 17 
.94 

-.12 
-.04 -. 09 
-.1B 

-.(I5 
.95 

-.O? 
"14 
-.24 

-.lo 
1.01 

"23 
.01 

-.20 

.Y9 
-.1R 
.01 -. 16 

"14 

-. 15 
-.01 
-.12 
-.08 

-a14 
1.01 

. 02  
-.08 
-.04 

"13 
.99 

"06 
.01 

"06 

.9Y 
-.11 

.oo -. 05 
-.Ob 

1.01 

-.Oh 
a91 

-.02 -. 04 

-.11 
.9b 

-.12 

-.11 
-.11 

1.02 
-.l6 

-.11 
- . O R  

-.04 

-.15 
.Y9 

"06 
-.Ob 
"04 

.98 
-.13 

- .oo  
-.OF 

-.lo 
1 .oo 
-.oo -. 04 
-.01 

1.00 
-.lo 

"04 
-.Ol 

-.02 

-. 05 1 .oo 

-.oo 
-.os 
"05 

-.on 

-.09 VR/UINF 
.95 UR/UINF 

-.15 

CPT -.06 

Ut)/UINF 
-.oo CP 

1.01 UH/UINF 
-.11 VR/UINF 

-.06 CP 
-.I1 )rR/UINF 

-.02 CPT 

-.I4 VH/UINF 
1.02 U R / U I N F  

-.06 ).rH/UINF 
-.Ob CP 
.01 CPT 

1 .OO UH/UINF 
-.lo VB/UlNF 
-.03'Wb/UINF 
-.04 CP 
-.02 CPT 

-.ob Vb/UINF ' 

1.00 UA/UINF 

"02  WH/UINF , 
-.01 CP 
-.01 CPT 

-98 IJP/UINF 
VP/UINF 

-* D o  WR/UINF 

-.02 CPT 
. o o  CP 

-.os V R / U I N F  
.y7  UP/UlFlf 

" 0 0  WP/UIFIF 
-.03 CP .. 

-.21 -.uu CPT 

TABLE C4. - Continued 

(a)  R = 4 .  Concluded. 



X/D = 4.00 
Z / D  1.75 

R i: R.03 U I N F  = 38.8 M/SEC 
PHI = .A DEG 

I 
-3.53 -2.52 -1.01 -.so 0.00  .51 1.01 1.50  2.02  2.53 3.54 

1.04 
.32 

1.5 ”01 
“13 

,os 

1.04 

1.0 
-29 
.01 

“14 
.04 

1-01 
.2’7 

.5  .02 
-.12 

04 

1.04 
-23 

0.0 
-.lo 

. 0 3  

.04 

1.04 
.22 

-.5 .02 
-.lo 
.03 

1.03 

1.0 .oo 
.23 

“09 
.03 

1.02 
.20 

1.01 
141 
.OY 

-.08 
.ll 

1.03 
.34 
.09 

-.11 
.06 

1.03 
-32 

-. 07 .OR 

.10 

1.00 
.28 
.07 

-.05 
.02 

1.01 
.23 

-.03 
.05 

.04 

1.04 

-04 
.?3 

“07 
. 0 6  

.9R 

.01 

.20 

.7R 

. 3 4  

.35 

.25 

.10 

.R8 

.27 

.27 

.lb 

.OR 

.90 

.20 

.14 

.05 

.92 

.18 

.21 

.10 

.02 

.92 

.19 

.12 

. 0 4  
-.os 

.95 

.EO 

.04 
“03 
-.08 

.80 

.10 
-.02 
-.05 

.24 

.01 . 

.02  -.39 

.71 

.45 

.21 

.19 
-.05 

.75 

.1A 

.34 

-.12 
.17 

.R7 

.12 

.07 

.27 

-.07 

-70 
. ? O  
.22 

-.29 
.13 

.80 

.12 
04 

“26 

.8R 

-04 
-14 

“09 
-.2A 

.71 

.03 
-.07 
“06 
-.54 

.19 

-.Oh 
.51 

.49 

.OT - .44 

. 60  

.02 

.40 
-.07 
-.56 

.hl 

.os 

.33 
-.01 
-.52 

.65 

.01 

-.05 
.25 

-.57 

. h9 

.l? 

.O? 

-.09 
-.59 

.70 

.02 

.O? 

-.07 
-.57 

.60 

.06 
-.Ob 
-.09 
-.71 

-.1R 
.75 

.43 

. 0 4  
-.la 

.74 
-.15 
.33 

-.02 
-.35 

-.lo 
.R1 

-.os 
.26 

-.32 

. P 3  
-.lo 
.1R 

“09 
- . 3 6  

-.lo 
.73 

- . 0 7  
.13 

-.51 

. R O  
-.06 
.03 

-.12 
-.47 

.h4  
- . 0 8  
- .06 
“07 
-.65 

-.32 
-72 

.39 

.33 

.10 

.a4 
-.22 . P9 

17 
.01 

-.20 
.89 

.12 

.25 

.02 

.96 
-.14 
.lh 
.Oh 
.02 

-.14 
.Y3  

.01 
-.lo 

.88 
-.12 

- 0 3  
-.01 
-.21 

.81 
-.lo 
-.03 
“08 

.09 

-.3H 
.85 

.27 

.14 

.20 

.91 
“29 
.23 
.12 
.09 

-.27 
.94 

.19 

.ll 

.10 

.95 
-.1R 
.15 
.10 
. 07  

-.1b 
.98 

.10 

.06 

.05 

.97 
“16 

.os 

-.02 
.oo 

-.11 
,633 

.01 

.oo 

- . 3 8  
.92 

-16 
-08 
.10 

1.01 
“31 

s 14 
-.02 
.I2 

-.28 
1.00 

.01 
-14 

.ll 

1.01 
“23 
.12 
.04 
.13 

-.20 
1.02 

.oo 

.09 

v 09 

1.00 
-.17 
.Oh 
.oo 
. 0 4  

-.14 
.9R 

-.03 
.01 

-.05 

-.35 
1 .oo 

-so4 
.07 

.10 

1.05 
“31 

.08 
“09 
.12 

“27 
1.03 

- . 05  
. O Y  

.10 

1.04 
“23 
.07 

“05 
.10 

-.21 
1.03 

-.02 
.07 

.09 

-.17 
1.01 

.04 
-.01 
.OS 

- a  15 
1.01 

-e03 
.01 

.02 

1.05 Ub/UINF 
-.27 Vb/UINF 
-.02 Wh/UINF 
-.OY CF. 
.10 CPT 

1.08  iIB/UIkF 
-.26  Vn/UIhrF 
-.01 UH/IJINF 
-.15 CP 
.10 CPT 

-.23 Vb/UIkF 
1.06 Utj/UIhrF 

-.lo CP 
.03 UB/UIFlf 

- 0 8  CPT 

1.05 Ub/UINF 
-.21 Vb/UINF 
-02 CB/UINF 

-.11 CP 
.04 CPT 

-.19 VB/UINF 
1.05 Ut(/UINF 

-.OB CP 
. 03  nB/UINF 

.Ob CPT 

1.04  UB/UIhrF 
-.17 VB/UINF 
.01 WWUINF 

-.Ob CP 
.05 CPT 

1.02 Ub/UINF 

.01 Ctr/lJINF 
-.la VWUINF 

”04 CP 
-.41  -.29 .03 1 CPT 

TABLE C4 .- Continued 

( b )  R 8. 



X / D  2 6.00 
Z / D  1.75 

R 8.03 UINF = 38.8 C(/SEC 
PHI = .7 DEG 

I \ Y B / D l  I 1 1 - 5 . 2 3  -2.66  -1.13  "61 -.IO .43  .93  1.45  1.97 2.48 3.00  3.51  5.06 
ZB/ 

1.01 
.20 

1.5 
-.os 
-.03 

.01 

1.03 

1.0 .01 
.17 

-.n9 

I I *01 I 1 1.03 
19 

.5 
-.09 
.oo 
.01 

1.03 
.21 
.01 

-.lo 
.no 

I 
1.03 
.22 

I 

I 
1 

I 1 -000 
I 

I i 1.02 
I -.11 .ll 

1-1-5 -.ll 

.97 

.28 

-BO3 
.08  

.01 

.9b 

.24 

.09 
-.01 
-.01 

.99 

.21 

- .02 
.08 

.oo 

.99 

.22 
-07 -. 04 

-.01 

.99 

.18 

-SO3 
-05 

-.01 

.99 

.20 
04 

-.02 
.oo 

.99 

.1b 

"05 
.01 

"04 

. 80  
e23 
.22 
-19 

"07 

.89 

.15 

.I5 

-.11 
.os 

.91 

.14 
-13 
.06 

-.07 

.94 
-16 
.09 

- . 0 8  
.oo 

-91 
.13 

-.oo 
.04 

-.15 

-90 
.17 
.oo 

- . 07  
-.23 

.08 

.86 

-.03 
- . 0 8  

-86 
.12 
.23 
.08  

-.IO 

.8b 

.09 

.20 

-.16 
04 

.97 

- . 0 6  
.13 

-.09 

- 8 6  
. 1 0  
.09 

-.01 
-.25 

.89 

.10 

-.04 
.01 

-.23 

.92 

.09 

.01 
-.09 
-.?3 

- 6 5  
.ll 

-.02 

-.59 

.09 

-.n? 

-63 
.03 
-27 
.07 

-.45 

.83 
-06 
.le 

- . O B  
-.36 

.82 
-07 

-. 09 -14 

-.39 

.82 
-04 
.14 

-.lo 
-.40 

.80 
-06 

-.07 
.OH 

"41 

.85 

. 0 2  

- . O B  
-.37 

.72 
-04 

- . O S  
-.03 
"51 

.n1 

-.lo 
-71 

-30 
.12 

-.28 

.83 
-.05 
.22 

"03 
"30 

-.07 
.91 

-.06 
.12 

-.21 

.79 
"03 

.ll 
- . 08  
-.45 

-.04 
.85 

-.04 
-03 

-.31 

-04 
"05 

-. 05 -. 02 
-.34 

-.01 
.74 

-.02 
-.lo 
-.54 

.85 
-.14 
-24 

-.oo 
19 

-.11 
.88 

. E O  

. 08  
-.lo 

.92 
-.11 
.14 

-.11 
.02 

-.I1 
.85 

-.oo 
. I 1  

-.25 

.85 
-.os 
.05 

-.03 
-.29 

-.07 
.AH 

-.01 
-.Ob 
-.27 

.76 
-.05 
-.o* 
-.07 
-.48 

"17 
.89 

.19 

.17 
-03 

.93 -. 14 

.16 

.09 

.01 

-.12 
.95 

.14 

. 05  
- . 01  

.9r 
-.lo 
.IO 

-.02 
.01 

-.12 
.94 

-06 
.01 

- . 08  

.92 
-.11 
.01 

-.02 
"16 

-.05 
.0b 

- .oc 
-.Ob 
"32 

- .20 
.94 

.13 

.08 
-03 

-96 
-.19 

.07 
13 

04 

-.14 
.9h 

09 
.Ol 

" 0 3  

.95 
-.lo 

. O R  

" 0 3  
e03 

-.I1 
.99 

-.02 
.07 

- . O E  

.9b 
- . O R  

- 0 3  
"03 
"09 

"07 
.85 

-.02 
"04 
-e32 

-.20 
$95 

. 0 8  

.06 

.01 

-. 19 
-09 

"03 
.03 

"17 
.Y9 

-.OP 
.Oh 

-.01 

.99 
"15 
-06 -. 02 

-.01 

-. 14 .9Y 

-.01 
.Ob 

-.01 

.9R 
"15 
.03 

-e03 
-.05 

-e09 
.93 

"04 
.uo 

-e17 

1?01 

-.23 
1 .oo 

-.01 
.os 

.05 

1.02 
-.?1 

. 0 7  
-.os 
.05 

-. 19 .98 

-.02 
-05 

- . 02  

1.00 -. 18 
-05 

-.03 
-.oo 

-.16 
.99 

-.01 
.os 

.01 

1.02 
-.12 
.02 

-.06 
-.01 

-.11 
.Ye 

-.01 
.oo 

-.03 

-.21 
.98 

.02 

.01  

.02 

.9H 
- .20 

- 0 5  
"04 
-.02 

-.18 
1.01 

-.os 
-03 

.oo 

.99 
"17 
.04 

- . 0 1  
.oo 

"15 
1.01 

-.02 
.02 

, O P  

1.01 
"13 
.01 

"04 
.01 

-.12 
1.02 

-.07 
.oo 

-.01 

-.16 
UB/UINF 1.01 
VR/UINF 

" 0 2  YB/UINF 
-.02 CP 
-02 CPT 

1.05 UR/IJINF 
"17 VB/UINF 
- a 0 0  Ytl/UINF 
-.lo CP 

CPT 

-.15 

-.OY 

UR/UINF 1.03 
VH/UINF 

CPT .oo 

UH/UINF . O O  
CP 

1 . 0 4  UR/UINF 
-.15 VH/UINF 

. O O  WB/UINF 

-01, CPT 
-.lo, CP 

"14 VH/UINF 
1.05 UR/UINF 

-.lo CP 
- 0 1  wH/UINF 

-02 CPT ' 

1-06 UP/UINF 
"12 VB/UINF 

-.OB CP 
"02 WB/UINF 

s o 1  CPT 

-.12 VY/UINF 
1-06 UR/\JINF 

"03 WR/UINF 
-.lo CP 
-.oo CPT I 

1- 
-.04 . -.32 

TABLE C4.- Continued 

(b) R = 8. Continued. 

R 



X / D  = 4.00 
Z / D  = 1.75 

R = 8.03 UINF = 3 R . R  W S E C  
P H I  = .7 DEG 

- 
1.5 

1.0 

.5 

0.0 

-.5 

-1.5 

.3.99 -2.50 -1.00  "51 0.nO "50 1.00 1.50 2.00 2.50 3.00 4.00 

.21 

.99 

-.oo 
.03 

. 0 2  

1.00 
.19 
.02 

-.04 
.01 

1.01 
.1R 

-.04 
.03 

.01 

1.01 
-17 
.02 

- . 0 3  
.02 

1.00 
- 1 6  

-.01 
.oo 

.01 

-.oo 
.14 

-.04 
.02 

.95 

.OH 

.20 

.07 
-03 

.98 
-16  

.01 
-08 

.01 

. Y 8  

. I 8  

.Ob 

.01 

.01 

.98 
16 

.05 

.03 

.01 

.98 

.15 

.04 

.03 

.01 

1.01 
.13 
.03 

-.OE 
.02 

.92 

.14 
-.01 
-.01 
"13 

.93 

. I 2  

.15 

.05 
-.04 

.93 

.10 

.12 

-. 08 .03 

.93 

. O Y  

.03 

.09 

-.09 

.91 

.I1 

.07 

-.lo 
.oo 

.95 

.ll 

-.02 
.01 

- . 1 1  

.89 

.10 

.01 
-.03 
-.22 

.77 

.02 
-.04 
.01 

-.40 

.79 

.09 

.13 

.Oh 
"28 

.Oh 

.95 

.14 
-.Ob 
-.13 

. 8 3  

. o q  

-.01 
.09 

-.31 

.92 

.07 

"03 
-.1R 

.90 

-. 04 . 0 4  

- .23 

.95 

.Ob  

. 0 1  
-.08 
-.17 

.85 

.02 
-.02 
-.05 
-.32 

. n 4  

. n3 

. P O  

.01 

.20 

.02 
-.?9 

. 8 8  

.05 

.13 

-.E6 

.85 

.01 

.10 

-.37 

. q o  

. 0 4  

.IO 
-.07 - .?5 

.8P 

.03 

- . 0 7  
.03 

-.?R 

.89  

- . oo  
. 0 4  

-.Ob - .?6 
.77 
-04 

-.Ob 
-.02 
-.42 

- .nc  

-.nh 

-.03 

-.02 
.1b 

-.17 

. 88 
-.04 
.12 

-, 07 
-.27 

.89 

-.05 
.09 

- . 2 b  

.YR 
-.01 

.05 
-.01 
-.24 

" 0 3  
-90 

-. 04 .02 

-.23 

. H7 -. 03 
-.02 
-.Ob 
-.27 

-.02 
. Y O  

-.04 
-.06 
-.41 

. 91  

.n1 

-. 09 . Y O  

.13 

.10 
-.07 

.R7 
-.09 

. I  1 

-.20 
.02 

-.06 
. Y O  

.09 

"13 
.04 

.92 
-.02 
-06 

-.03 
-.18 

-.07 
.89 

-.03 
.04 

-.E3 

.94 
-.01 
-.01 
-.04 
-.15 

.80 

.01 
-.04 
"03 
- . 3 R  

-.09 
.94 

.13 

.OB 

.oo 

.95 
"09 
.10 

-.01 
- 0 6  

-.09 
.93 

.05 

.09 

-.07 

.94 
- . O B  

.Ob 

- . O R  
.02 

- .Ob  
.93 

.o* 

.02 
-.lo 

-90 
-.09 
-.02 

-.lb 
.02 

-.01 
.80 

-.02 
-.os 
- . 4 0  

-.13 
.Y4 

.10 
09 

. O D  

.97 
-.12 
.09 

-.oo 
.Ob 

-.08 
.95 

.08 

.05 
" 0 3  

.97 
-.lo 

- 0 6  

-.01 
.04 

-.O8 
.99 

-.01 
.03 

-.01 

-96 
"07 

.oo 
-.02 
- .OY 

.85 

.01 
- . 0 3  

.oo 
-.28 

"14 
.94 

.07 

.10 

.01 

.99 
"13 
.07 

.01 

.01 

"13 
.98 

.05 

.01 
04 

1.00 
-.lo 
.04 

- .oo  
.Dl 

-.11 
.97 

.03 

-.01 
.o* 

.99 
"09 
.02 

-.01 
.oo 

"06 
.89 

-.02 
.03 

- . 1 R  

-. 16 -96 

.05 

. 0 2  

.98 -. 14 
-06 
.02 
.01 

-.14 
1.00 

- . D O  
.03 

.02 

.99 
-.11 

.OS 

.01 

.02 

-.08 
1.00 

.03 

.01 

.02 

.97 
-.08 
.02 

" 0 3  
.02 

-.09 
.93 

.oo 

.oo 
-.11 

.07 

"15 VR/UINF 
.Y7 UB/UINF 

- 0 2  WH/UlNF 
.03 CP 

- . 01  CPT 

1-00 UB/UlNF 
"13 VH/UlNF 

-.03 CP 
e 0 3  WH/UINF 

-.oo CPT 

"14 VH/UINF 
1.01 (IB/UINF 

-02 UH/UINF 

"13 
1.01 

-.04 
.Dl 

.oo 

1.01 
-.I1 
.01 

-a05 
-.oo 

-.11 
1.01 

"03 
.01 

. 01  

1.00 
-.lo 
-.01 
"03 
-.Dl 

- . 02  CP 
.01 

I 

I 

I 

I 

I 

- 

CPT 

UR/UINF 
VH/UINF 
YH/UINF 

CP 
CPT 

UR/UlNF 
VR/UINF 
htl/UINc 

CP 
CPT 

UB/UINF 
VH/UINF 
YH/UINF 

CP 
CPT 

UR/UINF 
Vtl/UINF 
YB/UINF 

CP 
CPT 

TABLE C4.- Continued 

(b) R = 8. Continued. 



x 1 0  = 1z .on  
Z / D  1.75 

R = 8.02  UINF = 33.5 M / S E C  
P H I  = 0.0 DEG 

1.5 

1.0 

.5 

0.0 

! -.5 

-1 .O 
I 

I -1.5 

5.00 -2.52 -1.00 -.SO 0.00 .SO 1-00 1.51  2.01 2.51 3.01  3.51  4.02 4.52 5.02  6.02 
I 

.97 

.17 

.02 
-04 
.02 

1.00 
.12 
.02 
. o n  
.02 

1.01 
.13 

-.01 
.OP 

.OP 

1.01 
.14 
.01 

.02 

1.01 
.14 

"03 -. 0 2  
.oz  

1.03 

-.09 
. I 2  

-.07 
.01 

- .01 
1.01 

-.os 
-.03 

. o o  

-.n3 

.95 

.13 
-06 
.09 
.02 

.YM 

.10 

.07 
-03 
.02 

.98 

.11 

.05 
0 0 3  
. o o  

.98 

.12 

.04 

.03 

.01 

.97 

.12 

.02 

. 0 1  
-.02 

-96 
.09 
-03 

-.oo 
"06 

. Re 

.OP 
-.01 
-.01 

.94 

. 1 0  

.08 
-04 

"06 

.95 

.OS 
06 

-.05 
.04 

.94 

.06 

. 0 3  

.09 

-.07 

.90 

.08 

.03 
-05 

-.I4 

.92 

.01 
. 0 1  

"14 

-90 
.05 
.oo 

-. 18 
.01 

.84 

.01 
-.02 
-.oo 

.04 

e90 
.06 
.lo 
04 

-.I3 

.93 
-07 
.os 

-.01 
- . I 3  

.8R 

.OS 

.Oh 

.01 
-.20 

.91 
.06  

.oo 

.05 

"17 

.93 

.05 

-.oo 
.02 

-.13 

. Rb 

.03 

.oo 

- . 23  
. 0 3  

. P Z  

.02 
-.02 
-.01 
"33 

.90 

. 03  

-.01 
.07 

- .?O 

.90 

.04 

.07 
- . 0 3  
-.?I 

.94 
:0 ? 

-.Ob 
- 0 6  

-.1P 

-91 
.02 
-04 

"03 
-.I9 

.94 

.03 

-.03 
.01 

-.1s 

.9? 

.04 

.01 
-.07 
-.2? 

. e 3  

.03 
"03 
-.n3 

.91 

.02 

- . 0 6  
06 

-.?2 

.91 
-.03 
.06 

- . 0 3  
- . 7 0  

.YO 
-04 

-.07 
. 06  

-.PS 

.91 

.01 

.oo  

-.I8 
-.02 

.YO 

. 02  

-. 0 2  
.01 

-.20 

.@A 

-.01 
. o o  

-.04 
-.Z6 

- .01 
. 7 1  

-.03 
. O ?  

"47 

L.04 
.94 

.09 

.oo 
- . l o  

.88 
-.02 
.09 

- . 0 1  
-.23 

-.03 
.91 

-.03 
.04 

-.20 

.92 

.03 
-.03 
-.I8 

- . O E  
.90 

-. 04 .01 

-.23 

.95 
-.oo 
-.02 
-.04 
"14 

.81 

.02 
-.03 
-.03 -. 3R 

"04 

-.OS 
.93 

.07 

.05 
- . O R  

.97 
-.05 

. 07  

-.05 
. o o  

-.ow 
.98 

-.03 
. 0 5  

-.06 

-92 
-.05 
.04 
.oo 

"15 

-.02 
-96 

-.02 
. 0 1  

-.09 

.99 
-.01 
.oo 

-.06 
-.07 

-.01 
.BZ 

"03 
. o n  

-.OS 
.95 

~ 0 7  
.Ob 

- a 0 3  

.97 
-.08 

05 

- a 0 3  
.02 

-a07 
.,9 7 

.05 

.01 
"03 

1.01 
-.04 

04 
" 0 5  
- a 0 3  

- .OR 
-96 

-. 02 . O ?  

-.09 

.94 
"03 
-.02 
-.02 
-.13 

.79 

"03 
.oo 

.02  

> 

- e 0 8  
YB/UINF " 0 0  

UB/UINF .98 
VB/UINF 

.03 CP 

-.36 

- e07 -96 

.05 
-06 
.oo 
.9@ 

-.OB 
.08 

-.oo 
.02 

"06 
.97 

.05 
-04 

-.oo 

.99 
"06 

. O t  
04 

. o o  

"06 
.97 

.03 

.oo 
-e06 

.9R 
-.04 
- .oo  
-.01 
"04 

.01 

.e5 

"03 
-.oo 

- ,09 .95 

.Ob 
-,01 

.99 
-.09 
.03 
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